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PREFACE

1. Major projects involving the development of a new storage
and retrieval method, the organization of a fully automated library
system, and the design and performance of a comprehensive test
cannot be accomplished without dedicated cooperation if such projects
are not endowed with separate funds and space and personnel alloca-
tions. The acknowledgement of invaluable contributions made by many
constitutes, therefore, not so much a matter of form and politeness,
but of understated truth and heartfelt gratitude.

2. We are extremely grateful to the members of other research
agencies who spent many hours of their precious time joining in
the evaluation of test questions and retrieval results: Messrs. T.
Henton, D. Slater and H. Sullivan of the Advisory Group on Electron
Devices, New York, who came to Washington for these tasks with the
support of and at the behest of Mr. R. Dewitt, Office of the Peputy
Director Research and Engineering, Department of Defense; Mr. C.
Marsden, of the National Bureau of Standards; Mr. G.D. Goldstein
and Lt. S.J. Mathis, Office of Naval Research, Navy; and last but
not least the members of the Air Force Office of Scientific Research,
Lt. Col. R.W. Conners, Dr. J.T. Ratchford, and Mr. .M. Swerdlow,
contacts with whom had been facilitated by Dr. H. Wooster.

3. Dr. Godfrey Knight, Jr. of the Cambridge Comnmunication
Corporation gave welcome assistance by having all test questions as
well as several hundred documents classified according to the subject
scheme of his organization. A special bibliography and copies of
a great number of documents were the contributions of the Defense
Documentation Center. Our research analysts, six professors of the
School of Engineering and Applied Sciences, George Washington University,
prepared the concepts under the pressure of deadlines. Their names
are presented on the subsequent page. However, it is our duty to
thank Dr. Louis dePian separately who in addition to the task of
screening and standardizing the analyses prepared by his group has
also contributed to the solutions of different difficult problems.

4. •Ily through the support of our Technical Director, B.M.
Horton, coald we obtain the cooperation of HDL scientists and engineers
in the preparation, the performance, and the evaluation of our test.
By listing their names below we do not do full justice to those whose
diligent and careful evaluations and comments exceeded by far the
general assignment.

5. We owe a special debt to Dr. W. Youden, NBS, for the review
of our test program and especially for his suggestions on how to
utilize our control group. Also Dr. B.M. Kurkjian and his team of
statisticians at HDL helped in shaping the test procedure according
to its true objectives. The personnel of the HDL library patiently
and gracefully supported the establishment of the test collection



by moving their holdings to provide a special room despite their
desperate plight for working and shelving space; and did join the
ranks of the retrieval operators as a separate group. Mr. William
G. Brown prepared or adjusted the required machine programs. An
outline of his efforts leading to the automation of the entire
library system is presented as a supplement. Although still very
brief in its present form, it offers a basis for cooperation with
those working on similar plans and objectives.

6. Miss Kathleen Rydlevicz completed with great dedication,
unusual skill and deep understanding the numerous administrative
tasks such as organizing the test collection, preparing and con-
ducting the test, scheduling the operations and insuring the com-
pliance with established deadlines by research analysts, computer
programmers, key punch and machine operators, printers of forms
and instructions and by all those who performed the test and
evaluated the results.

7. Suggestions by Mr. Theodore B. Godfrey, Dr. W. Menden and
Mr. H. Ogata, all three at HDL, and by Professor Thomas Wiggins of
George Washington University have aided in improving the format.
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Abstract

The first-generation ABC storage and retrieval method, an If1L-
developed method that utilizes appropriate standardized English-
language statements processed and printed by a KWIC-type computer
program, was subjected to a performance test at the request of DOD.
This is the first descriptive part of the test report ; a statistical

analysis is in preparation.

The four groups responsible for the plans, the performance of
the test, the evaluation of the results, and the ste.tistical analysis
of the tsbulated data were kept separate from each other. With the
exception of the designers of the test and the analysts (University
professors) all operators were volunteers. The designers prepared
the plans and instructions, established the test collection of 3650
magazine articles and technical reports on solid state devices, and
supervised the technical operations. Two groups comprising about
40 scientists and engineers of this installation formulated two sets
of test questions (100 from a random selection of the articles arid
reports and 36 from a general Knowledge of the subjects covered by
the collection) performed the retrieval runs, and pre-evaluated their
own results.

A groulp of 30 senior scientists and engineers (including subject
specialists of other agencies) evaluated and standardized all questions
and later evaluated all compiled data.

Three methods, two variations of the first-generation ABC method
together with a KWIC-title list, were tested. A control group was
established to discern the bias possibly introduced by the use of the
test operators' own questions and the sequence of the three test runs.
In addition to the 40 scientists and engineers (divided into two
groups) mentioned above, the six research analysts (University pro-
fessors) and six HDL librarians searched the 136 questions by all
three methods. Therefore, 1652 retrieval sheets containing more than
6000 documents were obtained.

The "relevance" and "recall ratios" will be calculated and used
to evaluate the retrieval method. For this reason, criteria were es-
tablished for the determination of "relevtnce", and procedures
(retrieval loops) were introduced for the identification of the rel-
evant documents missed during the test. To facilitate the evaluation,
each evaluator was made responsible for subject divisions ':oVering:
about 400 titles of the systematically arranged test collection.

Two retrieval runs are described in detail to point out the
multidimensional characteristics Rznd the educational capalility uf
the method.

irTT



A cost account of the test and a brief description of the com-
puter programs for the entire system, several of which facilitated
the preparation and reproduction of the various catalogs, ABC
dictionaries, and control tools,are appended.

The test was performed with the primary objective to spot de-
ficiencies and to develop the second-generation ABC model. The re-
sults are briefly reported. The improved model is characterized by
descriptors of unlimited length, the introduction of facets or
microschedules which produce logical organization of documents under
important keywords, and a decrease in the number of verbalized con-
cepts (or statements). Type of document, level-of-difficulty de-
scriptions and operating parameters of equipments (a feature of the
ABC method) are transferred to card catalogs.



1. INTRODUCTION

In a previous report we presented an outline of a completely
automated library system.i The data first inserted into the library
system (that is, during acquisition or cataloging operations) are in
such a form and of such a completeness that there is no need for
any retyping or secondary reproduction to issue accession lists,
bibliographies, and indexes; to prepare book catalogs, catalog cards;
and all adm.n..trative records required to renew periodical sub-
scriptions, to communicate with the book binders; to disseminate and
circulate (charge and discharge) books, magazines, and documents,
and to recall overdue loans. The system will also automatically
prepare purchase orders for items that have been selected. What is
being applied consistently is a very simple principle: that no line
once written to describe an item already in or desired for the
collection will be typed or punched a second time for any other
purpose or operation.

Although we have made considerable progress in writing and
testing the machine programs for this system (See Sipplement) this re-
port will deal only with one major segment of that system: the
method of evaluating and analyzing items in the collection and the
procedures developed for organizing, storing, and retrieving them.
This system has been called the ABC (Approach-by-Concept) r-1•od.
It has been designed and operated in HDL for the efficient and
pertinent dissemination and recall of very specific technical
information.

We can here emphasize only a few of the characteristics of the
method. It uses the natural language of the scientist and engineer
to index and retrieve information, as the most economical means of
providing meaningful access to the collection. A key to this
method is an easily comprehendible but very specific index (dictionary)
of the collection. The collection, needless to say, must be selected,
analyzed, and indexed with equal care.

In obtaining a response to specific problems or questions, there
is no need for a confrontation between the scientist and the docu-
mentalist (a generalist who tries to interpret the query of a
specialist in terms of a standardized vocabulary). Nor is there a
need for the documentalist to approach the big black box (a computer
or any other memory device) with a program and a prayer that the
magic words he has selected will elicit a cogent reply, along with
not too many others, to his client's request. These two steps,
common in most retrieval operations, are eliminated because they are
the primary causes of misunderstsidings, errors and confusion, both
in indexing and retrieving. Instead, the investigator himself con-
sults the dictionary of concepts. The lines in our dictionary are

iAltmann, B. "The Medium-Size Information Service; Its Automation
for Retrieval," TR-1192, harry Diamond Laboratories, 30 Dec 1963.



henceforth referred to as "concepts" although we recognize that they
are verbal expressions. The term has been chosen to distinguish
concise, meaningful and self-explanatory statements of control
from other subject approaches sich as subject headings, uniterms,
descriptors, %nnotation, etc.

While using the ABC method, the investigator is forced to compare
his original, often hazy formulation of a problem with the standard-
ized descriptions of available information. It is therefore antic-
ipated that he will increase his knowledge and understanding of the
problem with which he is confronted by refining and restating his
question with greater precision aa he makes his way through this
multidimensional system. fie will recognize the full complexity
of his problem as he views it (a) in the context of similar, parallel,
or slightly different efforts and achievement, (b) in relationship
to the specific and general aspects of his problem, and (c) in the
relationship to the directly and indirectly associated scientific
and technical fields.

During the past year, the study and further development of the
ABC method concentrated on three different tasks. The first task was
to design and perform an objective test of the system and to determine
the validity of major assumptions and claims that had been made re-
garding the syste:m. A Lest system was built; a test was conducted;
and the evaluation and statistical analysis of test data has begun.

Members of outside agencies were invited to join in the
development of adequate and fair testing procedures, participate in
the actual retrieval operations, and help in evaluating results.
Because of its classified nature, it was not appropriate to use the
installation's collection and ABC dictionary in the test. Consequent-
ly, a separate test collection was established and special dictionaries
for this collection were prepared for the test.

The second task was a critical assessment of the first-generation
ABC method, based on several typical retrieval operations, to substanti-
ate previous claims with respect to its multidimensional characteristics
and its educational capability.

The third task covered in this report deals with a second-
generation ABC retrieval method. This system is based on experience
gained in the test; on the analysis of difficulties scientists, sub-
ject specialists, and librarians encountered as they used the first-
generation system; and on a previously conceived ideal storage and
retrieval system. This second-generation system superimposes small
logical classification schemes or microschedules upon the existing
format to streamline the dictionary and facilitate retrieval.

'in Appendix A, we respond to the request of reviewtrs of the
first report by supplying the cost figures compiled during the test,
which may help in calculating the expenditures required for intro-
ducing and applying this retrieval program in a particular agency.

2



2. THE TEST: A PRELIMINARY REPORT

The test Id ABC method was conducted at the suggestion
of Mr. Walter C. n Director of Technical Information, Office of
the Director of Defense Research and Engineering, Department of
Defense. The work was performed within the budget and the personnel
ceilings of the Technical Information Office in HDL. This will ex-
plain the unavoidable utilization of sometimes reluctant "volunteers"
recruited in our laboratories and, in particular, the delays in
scheduled operations, and possibly, for some unevenness in performance
and test results. Far outweighing these disadvantages, however,
were great advantages: (a) testing of the ABC method by persons with
negative attitudes and a very limited knowledge of the system lends
some credence to such favorable evaluations as may result; (b)
personnel most interested and knowledgeable, connected with research
operations of this type in DOD, AF, Navy, and NBS, participated in
the planning and evaluation phases and provided the necessary ob-
jectivity and expertise; and (c) it was possible to place most
functions under strict controls, and to identify variables, so that
unbiased evaluations could be obtained.

A requirement imposed on the test, which might have limited its
scope to some extent, was adherence to certain procedures and methods
that personnel at the College of Aeronautics, Cranfield, England, had
introduced when they, under contract to the National Science Rundation,
compared the relative efficiency of four different indexing systems. 2

Only by following the general outline of the Rritish test could HDL
produce results amenable to comparative analysis. To circumvent
certain disadvantages in this approach, however, we took the liberty
of additional control test runs and of making changes and adjustments
to duplicate situations more coLnon to our experience.

The basic requirements of the test were obvious: (a) we had to
assemble a representative test collection, cataloged, processed, and
organized in accordance with the principles of the ABC method; (b) we
had to generate a set of pertinent questions which the collection
could cr perhaps could not answer; and (c) we had to establish
standard operating procedures and controls to insure that the test
was valid, and the standards for evaluating its results fair.

2 Cleverdon, Cyril W., ASLIB Cranfield Research Project - "Report
on the Testing and Analysis of an Investigation into the Comparative
Efficiency of Indexing Systems." Oct 1962. Cp. also Aitchison,
Jean and Cyril Cleverdon, ASLIP Cranfield Research Project - "A Report
on a Test of the Index of Metallurgical Literature of Western Reserve
University." College of Aeronautics, Cranfield, England, Oct. 1963.



2.1 Test Collection

Because it was recognized that the collection was one of the
critical factors demanding special attention during the preparatory
phase, we first consulted our statisticians, who recommended the
customary formula: the size of the test collection should be at
least ten times larger than the number of papers we expected to
retrieve during the various test runs. We intended to formulate and
use at least 100 questions and to obtain an average of three to
four answers so that an adequate basis for determining relevance
and recall ratios would be provided. Therefore, we arrived at a re-
quired figure of 3500 titles; the actual size of the collection
later turned out to be 3650, consisting entirely of journal articles
and technical reports.

We provided for a reasonable recall potential by requiring a
collection in depth; that is, we narrowed (and thereby deepened)
the scope of the subject area to solid state devices, circuits, and
applications. The subject area encompassed a variety of principles
and products, such as dielectric, magnetic, conductive, and photo-
electric devices, their uses as amplifiers, oscillators, switches,
and pulse generators; and their use in communication, control, com-
puting systems, test instruments, etc. The subject area was suffi-
ciently small to permit comprehensive coverage with 3650 items.
Therefore, even though small, the collection provided for a satis-
factory number of pertinent replies to a given question.

Our selection of this particular subject area was prompted by
a number of other reasons: (a) it provided useful, valuable, and
timely information (published after 1959) for personnel of our
installation as well as for the information analysts (George
Washington University School of Engineering and Applied Science)
used in the test; (b) it made cooperation in the test project more
attractive to the "volunteer" retrieval operators in HDL, since the
subject area was applicable in their work; (c) it expedited the
critical analyses for indexing because the information analysts
were familiar with the subject; and (d) it facilitated the establish-
ment of an additional tool by introducing a conventional subject
card with multiple entries and abstracts,which very effectively
enabled evaluators to check on the completeness of the retrieval and
to determine the recall ratio.

This auxiliary control catalog was based on catalog cards and
abstracts supplied by the Defense Documentation Center (DDC) for
technical reports and similar cards for journal articles supplied
by the Cambridge Communication Corporation (CCC). This card catalog
was organized according to a detailed subject classification scheme
prepared by CCC. The condensed classification scheme is given in
Appendix B.



The mechanics of assembling the test collection and retrieval
evaluntion tools are shown in Figure 1. The individual items for
the test collection were selected from various bibliographies
particularly from the Solid State Abstracts published by CCC and
a special bibliography issued by DDC. Reprints of articles were
obtained from various libraries, and reports were furnished by DDC.

The selected papers and reports were sent to the information
analysts for evaluation and formulation of ABC concepts. Tbe concepts
were then standardized and transferred to punched cards. In a
parallel effort, the items were descriptively cataloged, and the
descriptive titles key punched. Both types of information, the
concepts and the titles, were then combined and transcribed by an
IBM 1410 computer on a catalog file tape following a sort and
merge program.

Using the catalog tape file, a 7090 computer produced eight
catalogs: a and b) two ABC dictionaries, both listing (following
a KWIC program) the concepts as well as the term-letter code
combinations3 (under which the corresponding titles are arranged in
the ABC card catalog) but differing with respect to the number of
alphabetized keywords; c) an ABC catalog with individual titles and
accession numbers filed under the appropriate alphabetically arranged
asterisk term and code; d and e) an alphabetical list of lqtter
codes with the concepts they signified and a corresponding card
file; f) a card file of accession numbers giving the titles repre-
sented; g) a KWIC title list with significant words rotated and
alphabetized; h) a file of reports listed numerically under the
AD numbers.

In contrast to the "short" dictionary, all nouns, adjectives,
verbs, and numerals were treated as key words in the "long" dictionary.
(The selection of keywords in the former dictionary was made by the
information analysts during the standardization process.) Conse-
quently, the short dictionary was only half as long. The KWIC list
of titles furnished a control access to the col~ection. The other
tools unessential to the ABC system were generated to aid in the
evaluation of test results.

In a separate effort (and not by a machine process) the abstract
cards prepared and published by CCC and DDC were organized into a
subject card catalog.

"For samples see Chart II.



2.2 Test Questions

After the test collection had been organized and after both the
ABC and alternative approaches to the collection were established,
we faced the fortnidahle task of formulating the appropriate questions
for use in the test. If a realistic situation was to be simulated,
these questions had to be addrt.ssed not to the wording of the titles
but to the contents of the test collection, and they had to be meal,-

ingful in being concerned with the actual problems and interests of
our installation. Moreover, t,.e majority of' the individuil retrieval
operations had to yield positive results if the capability of ti,e
method was to be demonstrated. Also, it wan desirable that the -ritir
test collectioni participte to some extent in the operation. Realizilng
this, the procedu're outlir.ed in Figure 2 was adopted.

The computer uas used to select at random, 400 titles from the
systematically Drganized catalog" of the colltction. This was printed
as a list providing z.o more information thatn (a) the subject Cllassi-
fications that had leen s.ppl1i--d by CCC; (b) for journal articles,
the title of the periodical, vclime number, and pag-.e numlber; and (c)
only the DDC accession number.,. for the reports. From this list, eacii
of 41 scientists and entii-ers., assi,-ned to the task by request of
th'e Technical DIrector (Appendix C), selected subject. areas con-
sistent with his interests from wiich to derive test questions. De-
spite the freedom of choice given; to the ir,dLiduals, it. turned out
that all the ,ujJ.,•t ureats reTresented in t'ie colletction and in'luded
in the random li-t wiz e 'well covered and iuite evenly dl :trihutei.

The ine:u;-irs of tnis crnup (ident.i ti:d }zic, as 'roup 1)4 tfi•,
selected docume:,t.; of interc:.t insoftr as such! intercsL could be
deternined from tre infujru.ti(.n Lvailaf1e a:. that. point. 111e titles
were not •,own to t:m unr tl,- item wig; sujppliecd. Tl•y t!e
examined ttne text ý,:tnu if th- eleted to urt, it., fo'nv'i] ated a tes;t,
question taLt wouli I, 1 nsvcr•ed v its. :t. Thej 1 Ie-
minded at th:e st.art ,f this oi,::'Jlox. t.:iat reaase .of eolmomllt

limitatiors, the ir..... , o.,o a,'s t, could not. de, U or index
each incidr'. tlt 2. .t'•t,.t rnt oý- ,uc; ca 3, . re:urik mdl- !. t autkol's
but could pL'v attentior. to a&,d roe.s oni ,ii:u. sal,",ar: la.. aspci:t.
as the oi-j ec tiven om .d . i.f the ".e t

conponer.ts, -t.tcl t r'Ia , .i;. ssefl; tl;. -ir [erop r. .e...

and instruz:v7r.ts; r. jertiie:t r;n. r:r,- n; or. .:pfiiaIL Lev me lt.5.

This g._uid--zxr.-: : i.' i. l )r'or 1 ',. ': il .2 ':'u to i,'-u , hot. or. ,
sulbstan~ti,:i 1. :uec

1  I.).. ' .n 'c•; Iu e< :'or'nil', .et

The produe t of eai!h irdi;,idual effort w:ts a woried .: . o,'• lec
together wita, the accession number of 1ire Lasit-c docwr;memnt., ,rd
worker's name arid lit.orittory was emit ered om. 'I , ::1 1 i .']..'.d STo'III,

4 For the various groups, their desigziztt.o !il-! . '2,

see Chart I.



which with the instructions given is illustrted in Figure 3. We
obtained about 225 questions in this manner. However, a method basing
all questions on the contents of the collection hardly produces a
true-to-life situation.

To provide a degree of realism, we submitted an outline of the
subject categories covered by the collection (Appendix B) to scientists
and engineers who, because of their scholarly attitudes, maintained
year-round contacts with our office, and requested them to formulate
additional questions based merely on their general knowledge of the
subject areas of the collection and on their own experience in the
laboratory. In response to this request, they provided 36 questions
without reference to any particular document.

We had ar.icipated th t several contributors would choose
identical papers or submit¶questions similar in formulation or sub-
stance. For these, and other obvious reasons, it was necessary that
the questions, prior to use in actual retrieval operations, be
evaluated, combined, and edited to eliminate deficiencies arid re-
dundancies. Therefore, the questions were transferred to an
"evaluation of question" form (Figure 4). To preclude bias in this
process, these evaluative and editorial responsibilities were asdiked
to a group (henceforth identified as Group II) of senior scientists
and engineers. Because we charged them also with additional tasks
of making final decisions and of exercifixV, controls, we not only
kept them completely separate from members of Group I, but also
supplemented their ros.er with personnel working for the Department
of Defense, the Air Force, Navy, and the National Bureau of Standards.
Many joining this group stipulated that the time required for these
tasks could not exceed an average of 6 to 8 hours. To comply with
this demand, we increased the membership to about 30.

To enable the members of Group II to perform their assigned
tasks within the limited time allotted, the following preparations
were made: (a) The 265 questions were organized by the subject
scheme used in the subject card catalog. (b) The systernatically
arranged questions were divided into 10 major sets of 25 ,o 30 ques-
tions, each set corresponding in theory at least to one tenth of
the test collection. (c) Each set was then assigned to an editorial
team of three, having an interest in that particular subject area.
(d) The questions were then divided equally so that each member
processed about eight questions. The evuluator compared the text of
the suggested question with the contents of the original paper-, and
decided to drop, combine, rephrase, or appruve the sulbmitted
questions. He had the prerogative of discussini, complicated problems
with members of his team or representatives of the Teiohnical
Information Office, but the decision was his alone. fie couldif tie
so desired, anticipate results of the test arid locute the titles of
papers applicable to the questions arid in general was in a position
to familiarize himself with that portion of t1.1 colle.:tiuot fllott'd
to him. As a rule, however, the reCuil H werm U LIlt'Aled a. tht' 0'ow-

pletion of the test nILS, atE whi',,k tun lu -m p '" I.'' te .i'il 1:!rl t 1 I1
the assigned portion o.- thle t~ol 1011o w .: u~



evaluators entered their decision in the space provided on the form
with the question (Figure 4), listing their finally approved version
of the question.

The 36 questions formulated without benefit of a particular
paper were standardized only with respect to clarity, pertinency and
adequacy.

An a result of this process, 100 questions formulated by Group 1
were approved in addition to the 56 questions formulated without ben-
efit of a particular paper. All questions were transferred to
retrieval forms (Figure 5). Twelve retrieval forms were completed
for each question, to provide multiple retrievals, using various
tools in various sequencies, and by various groups.



P..3 ,etrievul Oper:itions

Four different jgroups (Fil;ure ?) performed the retrieval opera-
tions using, the identical set of 13(, questions. These groups includ-
ed (1) two subgroups formed fromn those in (Troup I whose questions
had been accepted (Group A arnd IB), (*') the information armalysts
(Grour '), who had evaluLLted the documents and had formulate l the
concepts for the dietioziary, arid (5) personnel in the HDL Technical
Information Office (G:oup 3), who performed general reference
services. Members " the latter two groups were homogeneous and
had no preference regarding subject specialty. Each was asked to
retrieve documents using tools in what was called the normal sequence:
(1) the short ABC dictionary, (2) the KWIC list of titles, and (3)
the long ABC dictionary. Members of the two subgroups (lA and 1B)
were assigned questions in subject areas in which they had prepared
questions both that they had formulated themselves and that
their counterpart in the other subgroup had prepared. They were
asked to process first their own questions, and tnen, their -ounter-
part's.

The subgroup IA was asked to use the tools in no-nal sequence
in processing the questions. To provide for additionrAl evaluations,
subgroup B was asked to use the KWIC title list first and the short
ABC dictionary second.

To enforce the prescribed sequential use of tue tools, tie
individual operator received at one time all his questions (each re-
corded on a separate form) for testing one of the three approaches,
let's assume the"short" ABC dictionary. A member of Group 1A with
an average assignment of three quections of his own, and three of his
counterpart's formulation was to turn in the answers to all his
questions before he could receive a duplicate set for processing the
six questions with the second tool, the KWIC title list. The freely
styled questions are not considered at this time. We establisheo
this procedure to create an interval of at least one day between ti~e
two retrieval operations for the same question; and made the assunption
that because of the lapse of time the retriever had forgotten the
alphabetical codes and accession numbers he had recorded during the
first run, and that his previous experience would not influence the
results of the second run.

Although space was provided on the retrieval foin (Figure ')) for
the basic docunent, this information was withheld from all g;roups in
a major deviation from the Cranfield test. After the basic dor-trnent.
had been processed to p2ovide a pertinent question (a process we had
considered artificial and therefore accepted only relictantly), it
measure of realism was introduced in thnt the retric-.Ka was conducted
freely without knowledge of the "answer." It w-ir felt "1thit the re-
trieval of the basic paper could not rind did net ". tFiif thu ncucen:s
or the end of the operation, and withholdint, the i.,' ,,sntor- luiifrrer' in-
sured this. Later, retrieval of the 1,aric doo'umn 4 it: to It, r.,tt-d o,
major importance only if it prov ided an exe,,rler: ;t,:'.r',., -i , - n ,-f 1, 111 -
consequence if other items retrieved fu ritn,:h',d h,,.lr, o!" t-, , :-i,: ,:;! Itti'
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2.4 Evaluation Procedure

In the preceding chapters, we described a sequence of procedures
and operations intended to produce the test data. Before we continue
with the description of the subsequent phase, the evaluation of the
data, we pause for a brief account of the principles underlying our
procedure and our belief that we will approach our envisaged goal
with the types of data we have assembled.

What we attempted to accomplish was a test of the ABC storage
and retrieval method and an evaluation of its efficiency in terms
which permit comparison with similar systems. As in every operation
of this type, we must create and apply appropriate yardsticks for
taking quantitative measurements of the performance. Because we
follow the example of the Cranfield program, we will establish two
ratios: (a) the relevance ratio, a measure of the system's utility
expressed as the percentage of useful or relevant items recovered
in a given (or average) test run; and (b) the recall ratio, a measure
of the system's efficiency in terms of its capability to identify or
recall pertinent papers embodied in the collection in response to a
particular (or average) question.

In theory, these are reasonable measurements of the service of
an information office provided that we are in a position to rate an
average performance in terms of user satisfaction and capability of
locating all appropriate titles in the storage system. In practice,
however, this cannot be easily accomplished. With respect to reader
satisfaction, we know only too well that despit, a common interest
in the same subject matter preference with respect to an individual
paper may differ widely between scientist and engineer, physicist
and chemist, junior scientist and expert, generalist and specialist;
and because his knowledge and understanding have grown, the same
reader may reject today what he cherished a year ago.

The factor _f human fallibility poses another obstacle to con-
sistent evaluations ax.d objective comparisons of different storagc
and retrieval systems. Librarians may have acquired materials that
are not appropriate, analysts may have prepared descriptions that are
ill-suited, investigators may have been ineffective in describing their
true requirements, and retrieval operators may have missed the correct
approaches to the pertinent information contained in the system.

How can we determine the relative merits of two systems, if, not
only the systems, but also the collection, the analysts, their educa-
tion and experience, the types of data, the methods of obtaining them,
and the conditions under which it is done, differ.

In fact, the views on the validity or the mere usefulness of
tests vary drastically. One can argue that the difficulties and
differences encountered in testing only reflect the variables present
in all operational systems and should therefore be dismissed as a
cause for major concern. This would render the comparison of systems



most difficult, if not impossible. Conversely, one can consider the
variables so disturbing and the possible results so unreliable, that
a test appears to be no more than an exercise in futility.

When we are exposed to these arguments, we must remember that
storage and retrieval systems are not the only ones greatly influenced
by environmental factors and by the quality of human performance.
Nevertheless, man-operated systems, weapons, and evtipment have nnt
only been tested, but their performance cc.pre ulwli tnat of ri-il
systems and eyuipment.

Test design and test procedures have been greatly refined. When
the enormous cost of modern, complex military systems made it pro-
hibitive to use a large number of units or field tests, the engineers
designed bread-board models of the various subsystems, devices and
components, studied them with greatest intensity, subjected them to
tests simulaLing the operational environmentsand redesigned and re-
built them until they exhibited the required performance reliability.

To a great extent, we followed the same procedure in the test
of the ABC method. When the collection had been assembled and the
catalogs and tools for retrieval and control prepared, we had no
intention of defending "our investment" and proving the efficiency of
the ABC method. For us the entire operation was an experiment rather
than a test, it was the welcome opportunity to subject to vigorous
simulation the bread-board model we had built, to determine its
deficiencies, to analyze the faults and failures of the total system
as well as of its individual components, to seek new solutions and
especially to redesign or adjust the retrieval methods, to reduce
the human mistakes and render the retrieval operations of the
informption-seeking scientist and engineer (for whose immediate use
they were developed) simpler, faster and cheaper.

In a subsequent chapter, we will present two samples of our
test method to demonstrate the multidimensional and educational charac-
teristics of the ABC method. At the time that these tests were per-
formed it was their primary purpose to identify trouble areas and
assist in the redesign of the system. This critical attitude pre-
iailed throughout the entire test period. It was a constructive
operation %"gairist" and not "in favor" of the system.

There is a particular cause for this personal detacfhent. As
the test progressed at a sloi! -ace, we discovered deficiencies,
analyzed their causes, searched for appropriate solutions, and rede-
signed and replaced the faulty parts. However, personnel spaces
and other support necessary to retrofit the retrieval system of the
test collection were not available whenever possible improvements
became apparent. We were only able to continue and complete the
test of the model in its original form. When we passed the half way
mark of the test, most of the procedures should have been changed,
and what we were still subjecting to our test procedures was a de-
facto obsolete model.



It was obvious that we became increasingly preoccupied with cur
work on the second-generation ABC method, and that we had no longer
a personal stake or a major interest in the outcome of the current
test.

To insure the reliability of the data obtained during the
official test runs. wc orgRnized the four groups of retrievers to
resemble la cumposition and prcportion the profile of actual users.
Because the syoLem was designed primarily for the scientists and
engineer at the work bench, they constituted 77.3 percent of the
operators and each (as in reality) was responsible for a relatively
small and specific subject area (that is for about 3 percent of the
entire questions). The George Washington University professors were
assumed to represent the senior scientists and engineers; they
numbered only six (or 11.35 percent of the total), but covered 22.7
percent of the total number of questions per person and in numerical
retrieval output, the HDL librarians (4 reference librarians and 2
catalogers) equalled the group from the George Washington University.

In order to obtain reliable test results, we had to limit the
human error factor, identify the bias eventually introduced by the
testing procedure, and "objectivize" the evaluations. Although we
had assumed the task of determining the capability of the system
as such, we remained fully aware of the extensive intrusion of the
human element in the preparation and in the conduct of the test.
This necessitated the formulation of standards or yardsticks for
discovering and discounting the questions that were poorly phrased
(in relation to the basic paper), the concepts that were adequately
prepared by the analysts or incorrectly selected and applied by the
retrieval operators, and the evaluations that had been influenced by
the bias of the evaluators. The methods used to accomplish these
ends were no different than those usually applied by professional
test engineers: critical analysis, generation of multiple test data
(repetitious test runs and evaluations), and the introduction of
control groups and stringent controls.

The disquieting connotation of relativity and subjectivity
generally inherent in the term "relevance" was removed because we did
not consider relevance with respect to a person or group of persons
but rather by comparison with the contents of a document or the
substance of a question. However, we were not satisfied with these
still elementary methods, and preferrel to determine "relevance"
more objectively. We analyzed the conceptu~l substance of the
question, attached relative weights to the various conceptual compo-
nents and their combinations, and used the resulting scales as a
measuring stick.

In the process of these evaluations, we came to a major deficien-
cy of the first-generation method. The concepts identified publica-
tions by form (e.g. bibliographies, collections, symposia, etc.), by
purpose, treatment, and application (that is methods of origin such
as analysis, test, design, development, experimentetc.) and by level



of difficulty. As a result of this observation, the second-generation
model (to be discussed in Chapter 4) will permit retrieval of
documents not only by sulject approach, but also by personal pref-
erence and will therefore improve the relevance and recall ratios
even though subjective standards may be applied to the worth of the
documents.

The test questions were processed eight times according to the
ABC method. Because the test data taken for each question were.
tabulated on a separate form, we obtained meaningful evaluations
in a very short time.

In the eight test runs when ill of the operators failed to
produce the basic document, it caj be assumed that the analyst did
not provide an appropriate concep ual approach. For verification of
the assumption the evaluator shou d first turn to the table in which
concepts as well as questions are displayed with the titles of the
documents from which they were derived. This table has already been
prepared; together with its analysis it will be published in the
report of the statistical results.

If, on the other hand, the basic document was located by one or
more retrieval operations, the instances of failure may be traced to
an oversight by the operator, to the brief presentation of the con-
cept in the short-form dictionary, or to the formulation of the
question.

The tabulation of the results by operator will facilitate analy-
ses of performancc by groups with respect to retrieval tool, t*me
and success or failure of the retrieval if the sample should prove
to be of sufficient size; it may permit the identification of certain
individual qualities (educationalland professional background,
reading habits, scholarly attitudes, achievements, etc.) which may
predict the success of an analyst or retrieval operator.

The eight different test runs for each question may help to
dete-ine whether the causes for failure may be traced to the human
element or to the system. The multiple evaluations of the test
results b.- Groups 1 and 2 and the evaluators in Group II will provide
information about the range of personal opinions (e.g. with respect
to reltevance) and will permit a confrontation of subjective and
objective evaluation.

The absolute or relative vulue of multiple data gained during
the test of a retrieval system cannot be determined before the com-
pletion of the statistical analyses. If it should be established
that repetitive tests by representative groups of operators provide
a more reliable basis for evaluations, the repetitive tests should
be performed with identical collections to reduce the variables by
one predominant element.

14



For the test of our overall library system and for the
economical production of all our different retrieval tools, the cat-
alog of our test collection was transferred to magnetic tape. Copies
of our catalog can, therefore, be provided cheaply and rapidly for
use in testing other systems under comparable conditions. In addi-

* tion we preserved copies of a number of articles and of all reports
that formed the test collection. In this connection, we would like
to suggest that catalogs of test collections should always be avail-
able for testing of other systems.

Control factors and control groups have been used to insure
realistic conditions, reliability and accuracy of data and consistency
of testing procedures. Although we will in these paragraphs limit
our brief summary to controls exercised with respect to evaluation,
we cannot avoid repeating information we have previously mentioned.

The three retrieval loops we developed ere control "mechanisms"
to assist the evaluator in discharging his heavy responsibility
which is the recall from the collection of all titles of relevant
papers which the operators had failed to retrieve.

The most important control was exercised by the members of
Group II (composed of senior scientists from HDL and other agencies
and kept entirely apart from all the other operational groups). It
was their task to evaluate and to approve the questions and to con-
trol the evaluations of the retrieval data in terms of the measure-
ments of completeness and relevance.

Of the retrieval groups, those in Group 1 (the HDL scientists
and engineers) and in Group 2 (the information analysts) had a
personal as well as professional interest in the outcome of the test.
Therefore, they were allowed to make only preliminary evaluations of
their own results. The evaluators (Group II), being largely unbiased
observers, were assigned the task of making the detailed final
evaluations.

The complete results are presently being tabulated, and
statistical analyses are being prepared. However, the nature of the
results may be inferred from the evaluation procedures which follow.

2.4.1 Preliminary Evaluation Procedure

Preliminary evaluations were performed by Groups 1 and 2
according to the procedures indicated in Figure 6. Group 3 was omitted
from this task.

For the purpose of preliminary evaluation, the evaluation saieet
shown in Figure 7 was used. Entered on the form were the name of
the retriever, his group or team designation, the question, tlhe
accession number of the basic document if one existed, and the



accession numbers of all documents the particular retriever located
during the three runs in response to the question. The retriever
then evaluated the contents of the retrieved documents, compared
them with the basic document, and checked the appropriate column to
indicate their value: equal (=), better (+), inferior (-), or not
applicable (0). Questions that were not based on specific documents
were graded cu the quality of the answer. The same form was used for
the pre!*minary ev:aluation by the retrieval operator as well as the
final evaluation by the assigned member of Group II. In the latter
case, the accession numbers of all the documents identified in re-
sponse to the question (during the 12 test runs) were listed in the
left column of the form. In addition, a separate column was re-
served for the evaluator in Group II to assess pertinent documents
which had been missed by the retrievers.

2.4.2 Definitive Evaluation Procedure

The twelve retrieval forms and two evaluation sheets for each
question were returned to the same person in Group II who had stan-
dardized and approved the question. This group evaluated the results
as follows (Figure 6).

Using the CCC organized abstract card catalog, the pertinent
titles not retrieved during the te3t runs were determined and graded
in the second column of the evaluation form (Figure 6). In order to
accomplish this somewhat impossible task, the ten teams of Group II
had to acquaint themselves thoroughly with that section of the
collection assigned to them. This provided the basic data necessary
to determine the recall ratio, that is, the efficiency with which the
system retrieved all relevant information in the test collection.

Since it was desirable to determine the cause of the wrong
choices or the wrong failures to choose documents, an evaluation of
all concepts used in a given nm was made (Figure 6). To make this
evaluation as objective as possible, the following procedure was
followed. The essential elements signifying the contents of a
question were identified, and the combination of them that would have
appeared in appropriate concepts ..'cre theorized. The theorized
combinations were individually graded as +, -, -, or 0, and the con-
cepts used in retrieving were graded by comparIng them with the
theorized combinations.

This provided a basis for judging the use of a concept as proper
(+,=,-) or as improper (0) and therefore assignable as an operator
error.

To further illustrate this process, the specific analysis is
given regarding the question: generation of Ligh frequency energy
in semiconductors. The persons who evaluated the concept determined
first that the different substantive elements were:. 1) high fre-
quency generation; 2) generation takes place within semiconductor
materials; 3) generation is accomplished by or with semiconductor
materials; and 4) high frequency energy. In this pro ees, the ele-
ments were merely identified and enumerated casually.



In grading or ranking the elements, trie followIng weiglts were
assigned:

+ on the combination of 1, 2, .
- on the com1inatiori. 1, 3, 4, or 1, 2
- on the combination of 1, '
0 on all other comrbinations ud on the sintle elements

Only after the establistment of these weights or 3tandards did
the evaluator rate the various concepts that the retriever had used
in the different runs.

In a number of instances, the same combinations of elements
were assigned two different grades, especially = and -, and the
quality of the papers retrieved was used to assign the relative
value of the concept. Inasmuch as the gray area doubt (.-) was
introduced, it can be assumed with a high degree of certainty that
the concepts graded with (0) had been incorrectly selected, and
such a negative result suggests an operator error that should not
be held against the system.

Although a subject classified card catalog with abstracts had
been made availatle, the evaluator encountered a difficult task in
locating all titles in the collection related to the formulated
questions. To ensure as thorough a job as possible, additional
tools were provided as shown in Figure 8, and the following procedure
was indicated.

The evaluator was to first turn to the ABC dictionary to find
additional approaches missed by the members of the three retrieval
groups, and if successful, was to follow the standard retrieval
method; i.e., he noted the respective asterisk-term and code com-
bination and checked the pertinent titles in the ABC card catalog
ý I). The tools and catalogs are identified by the Roman numerals
Figure 8). This first step could well yield new useful information.

If additional concepts were recorded at the bottom of the card in the
form of asterisk-term code combinations, he was to determine the
complete text of the concept using a list of concepts with their
codes arranged in alphabetical order (II). If it appeared to be
applicable and was missed in the test retrieval runs, he was to
return to the card catalog to complete this loop. He was to con-
tinue in this manner as long as new asterisk-term and cede com-
binations turned up in the card catalog and until new titles could
no longer be located.

He then utilized the second loop. From a very comprehensive
alphabetical index of subject headings prepared by CCC, the evaluator
was guided to the respective subdivisions of the subject card catalog
(II) where all related information was combined. This catalog consisted
of multiple title cards with full-length abstracts and numerous cross-
references arranged according to a logical scheme. CCC ',t-td
created this system and had also Civeni our pro~jet noD,'- It . lel
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assistance by organizing the DDC reports in the test collection as
well as our test questions in accordance with this scheme.

When the evaluators discovered a title in the indexed sub-
divisions that seemed pertinent, they could frequently determine its
relevance by the abstract alone. They then noted the accession
number, which was used to identiij the combination of asterisk-term
and code under which it was filed in the ABC card catalog. This was
accomplished through catalog (IV). Following this, they examined
the ABC card catalog (I) for the location of secondary concepts
and exhausted this loop as before. These steps were repeated as
often as new subdivisions and new titles could be found using the
sequence of subject card catalog, new asterisk-term and code com-
binations, and the ABC card file.

Finally, the evaluator entered the third loop, screening the
KWIC title list (V) under all possible pertinent and significant
terms. If he was successful in finding an item omitted, he was
to record the accession number printed with each rotated title. As
in the preceding loop, this number would lead first to the title
catalog (IV) with its asterisk-term and code symbols and second
through the code to the ABC card catalog (1) where he could find
secondary concepts to close the loop.

Whenever additional titles were found by any one of the three
described recovery methods, the contents of the recalled materials
as well as their underlying concepts were to be rated according to
the same standards used to evaluate the original findings of the
retrieval operators.

Although this rather elaborate scheme was provided and followed
in a number of cases to obtain all applicable documents on a given
question from the collection, in practice, the method was found to
be much too repetitive. Therefore, the evaluators primarily relied
on the second retrieval loop.

2.4.3 Tabulation of Data

The statistical data and their analysis will be presented in
great detail in a subsequent study currently under preparation.
In this preliminary discussion of our testing procedure it will
nevertheless contribute to a better understanding of our efforts
if we describe briefly the test data being processed for final
analysis by the statisticians. On a summary tabulation, there are
three major considerations:

1. The retrieval of documents for 136 questions by 4 different
groups, each applying three different tools or methods had yielded
1632 retrieval sheets with a minimum average of three responses on
each; in other words about 5000 data had to be organized for mean-
ingful analysis;



2. data recalled had been evaluated twice, by the
retrieval operators 5 as well as by Group II, for quality and
pertinency with respezt to the basic document used for the
formulation of the question. If a document was not used to
formulate the question, then the evaluation was with respect to the
objectivity and scope of the question itself; and finally the con-
cepts chosen by the retrieval operators had a so been rated for the
purpose of makinC allowance for human errors;' and

S3. test had as its main objective the evaluation of the
system in its realistic environment, so that this natural environment
and its tolerance of human error had to be determined.

The test data car, therefore, be logically presented on Lhrne
types of forms: the first (Figure 9) providing all the responses
given to one particular question; the second (Figure 10) furnishing
the evaluated results obtained by each individual retrieval operator
using each particular tool; the third (Figure 11) summarizing the
results by groups of operators.

The first form listed the question and ideitified (whenever
applicable) the basic document and its concept. The test data were
tabulated separately for each of the four retrieval groups by giving
the total (N)of the documents recalled or concepts used in every
run and the evaluations by retrieval operators 7 and by subject spe-
cialists (Group TI).

In the retrievals by Group IA and IB, there were two possibilities
of working with either their own or their counterpart's questions.
This is provided by the "own ques." or "other's" lines. In each case,
the concepts are always those of the particular retrieval operator.
Thus, for each retrieval group an each retrieval run the concepts
actually selected were evaluated. 0  The results are entered on the
third line of each block under the heading "Subject Specialist."

5 The librarians (Group 3) had been excused from this task.

6This method was applied also to documents retrieved hy the
KWIC-Title list.

7 The librarians (Group 3) were excused.
8
For the 36 free questions the documen~ts retrieved were re-

evaluated by a m,,onher of Group 2, the infor-natton zal.,ts. .is
evaluatione (ft,'ures in parentheses) were re,-orded: Tn,":.cpt
evaluation IV, ,lr the second line, the docu 2 '. ,.lr.t , ,
'hird lln,-.



The compilation of this form permits question-by-question com-
parisons of the results by the four operator groups in numerical arld
qualitative terms, determination of differences of opinions given
by operators and members of the control group concerning the tist
results, comparisons cf the evaluations of the documents with respect
to the quality of the concept through which they were located, and
finally the determination of the relevance ratio.

On the second form (Figure 10) the results were organized by
individual retrieval operators for each of the retrieval tools
employed and each of the questions retrieved. In Column (1) the
questions were identified; a distinction is made between questions
a (with) and b (without source documents); the question formulated
by the operator were identified in Column (2). The number of
documents recalled were entered in Column (3) the average time
(minutes) spent, in Column (4). In Column (51 the recall of the
source document was checked. The evaluations of the documents
by the operator were entered in Block 6. Block 7 was used to enter
the evaluations by Group II of the concepts; and disregarding documents
under O-concepts, Block 8 was used to evaluate the remaining documents.
In Column (9) the number of pertinent documents missed during the
retrieval run, but located by the member of Group I, was listed.
The relevance ratio was entered in Column (10)j that is, the ratio
of the sum of the items rated +,= or - in Block 8 and the number of
the items listed in Column (3); and the Recall Ratio was entered in
Column (ii), this is the proportion of the total of the +, = and -

rated items in Block 8 to the total number of the relevant documents
in the collection.

The subtotals arnd totals for the data obtained in answering the
questions formulated or not formulated by the retrieval operator
were computed.

This form therefore permits the determination of the following
information: a. Relevance ratio; b. Recall ratio; c. the relation-
ship between quality of results and length of retrieval time; d. the
percentage of instances when the basic documents were not recovered;
e. the percentage of instances when papers having grevt.er value than
the basic document were rec(overed; f. the relationship between quality
of the concept selected and the quality of the output; g. the range
of operators' and Group II's evaluations; h. the extent of bias pro-
duced by the use of the operator's own questions; i. and the differ-
ences of results caused by different retrieval tools computed for
individuals as well as for groups.

The third form, the summary sheet (Figure 11), will facilitate
a fast review of the results obtained by the four groups using each
of the three retrieval tools. ITL will show the actual number of
documents retrieved, the average time spent per document, the nunber
of the basic documenta retrieved as well as elimination of zero
concepts, and whether the questions used were those of the operators



or not. Moreover, all pertinent documents in the collection but
not retrieved during the retrieval run were listed in the "not located"
lines with the required notations and ratings.

Most of the ratios resulting from information enumerat•.d in
Figure 10 will be d-termined more rapidly from this sunary sheet.
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3.l The Multidimensional Format

We enumerated among the various characteristics of the AAC
method its capability of simulating the multidimensional forx-at bf
studies that dea.l with different disciplines or with a variety of
hierarchical levels witairi one or several organizational structures
of science, teclnology or other professional endeavors. Such a
claim may have appeared to be presumptuous for a number of reasons:

(a) The presentation of the ABC dictionary had linear dimensions
as does any written or printed matter.

(b) Because of their linearity, most generally acknowledged
schemes and methods of subject organization fail to provide adequate
approaches to modern scientific ard technical information, and in
particular, to reports on such creative research along unforeseen
border lines and within areas where disciplines that were once con-
sidered far apart. now meet or overlap.

(c) Our claim was made without substantiation. Rather, we
were compelled to postpone explanations and detailed proof until
this time, when the dictionary of the unclassified and fairly rep-
resentative test collection gives us full freedom to point out
methods of approach, procedures, capabilities, and responses.

The example given in Figure 12 illustrates the retrieval
operation of a scientist wbo approached the collection with the pur-
pose of locating infoxm±tion on computer memory and switching devices.
The ABC method provided him witl the choice of starting his search
in the dictionary inzder the terms: computer, switching (switches),
or memory, T% this instance he turned first to concepts clustered
around the word "memory"; there he located the statement listed as
A1O on the cu.art, which will l e called the primary concept. Addi-
tional concepts, clustered around "memory" were easily located
nearby. Each of these concepts (through the combinations of asterisk-
terms and letter codes, which are not indicated in the sample) guided
him directly to the card catalog, where lie found the complete
bibliographic descr.ptions of the papers concerned with the well-de-
fined, specific subjects. Because our scientist was convinced that
the concept "AlO": "State of the art of ferrite-core and magnetic
thin-film memory device" clarified his original search problem,
he used the important content terms: "ferrite-core," "magnetic" and
"thin-film" as new clues when he continued screening the dictionary.
Du-irnU thit; second round, he identified 31 additional concepts
(Bl-JI, Cl-b, DI-12) as further expansions and refinements of the
first ve.ry general, broad definition of his problem, and thereby
increased his background information through the instantaneous
access to the related, referenced literature. This retrieval process
was accomplished in a very short time. Our scientist, therefore, de-
cided to push his search into the third stage. In the "ferrite-core"



cluster (B), his ,ittention was called to a specific detail of his
design problem: "Transistor ferrite-core amplifier as logic-
circuit for switching equipment (BII)." Again he followed the leads
provided by this concept, searching two additional aspects:
"logic-circuits" and "switcling," He could have selected the latter
term "switching" at the start, but omitted doing so, without lasting
detriment to his taskbecause loops or links lead from each im-
portant cluster or facet to all others related to them. This third
proliferation of the search yields 13 more concepts (El-7, Fl-6).

Ifwe assume that our scientist abandons his retrieval efforts
at this point (after he has spent about 10 minutes screening the
dictionary), we can point to some of the discoveries he has made
during this brief interval.

He has collected information on ferrite-core, magnetic, magnetic-
core, maginctic-disc, tnin-f'ilm, tunnel-diode, and superconductive
memory devices, on applicable switching devices of various types,
designs and charracteristics. Hc has found leads to literature dealing
with components and materials and with different principles and a
variety of applications. He was guided to the subject of "logic-cir-
cuits," which was not verbally expressed in his original query, and
to particular related aspects (materials, components, designs) and a
bibliography on the methods of using magnetic logic circuits.

This example demonstrates the great flexibility of the system.
The very specific concepts are coordinated in a 1.road program in a
meaningful manner. In most instances, the innumerable links and
loops assist in the continuing refinement of the hazy and inccoinplete
statements of the problem and provide guides to a variety of solutions
(principles, methods, and designs) and possible applications. While
browsing through the dictionary, scientist and engineers adjust and
supplement their original search strategies and objectives. They
gain in knowledge and understanding as they screen the combinations
of concepts and of facets of concepts, and perceive their problem,
not only in its true scope but also in its relations to other similar
parallel or overlapping efforts and disciplines (See Figure 13).
Because the ABC method has the capability of tying together specific
subjects and methods pertaining to different disciplines, it matches
the multidimensional structure of modern science and technology, de-
stroys the walls separating specific subject areas from each other
as happens in conventional systematic arrangements, and stimulates
creative work and thinking.

3.2 The Educational Capability

The second example (Figure 14a through 14 e) is concerned with
the search by an engineer who wanted to obtain introductory and more
specific information on microminiaturization techniques for high-
frequency amplifiers. The problem in his mind was general and
ill-defined when he approached the ABC dictionary. He started his
search under the broadest of the content terms he had included in
his initial statement, the word microminiaturization.



The five concepts ( Figure 14) Al - 5 led him as
could be expected to documents of such general nature and information
as state of the art surveys and bibliographies (1,3,5),j terminology
and definitions (4), and components,. devicies-id- circuits (1,2•5).
More important than the publications represented by these concepts
and made available to him without delay through the ABC card catalog
were the additional significant key words with which he became familiar
when he rapidly scanned the concepts listed underthe te2'n: micro-
miniaturization. Ile found in succession: semiconducting devices,
molecular electronics, thin-film, and integrated circuits. He knew,
of course, that these subjects were of great importance to his problem
but had not included these particular terms in the original formulation
of his problem. With his memory refreshed, he continued by selectitig
for the second round of his search the last located content word:
"integrated circuit."

If we had looked over his shoulder, we could hhve followed him
in the fast advance of his efforts as he jotted down (from Block B) con-
cept codes leading to bibliographies (15), surveys (14), information
on terms and definitions (16), genural aspects of systems (10), and
circuit design (18), components (12 and 17), packaging (13 and 19),
and finally his main objective, amplifiers and amplifier circuits
(6,7,8,9, and 11). During this scanning period his attention was called
to the key word "micro-electronics" (14) and without stopping, he turned
to the listings under this t erm in the dictionary.

This third key word (Block C) provided him with approaches to
state-of-the-art surveys (25, 28, and 35); among them one on Soviet
developments (29), on microelectronic systems (30), on amplifiers,
his subject of primary interest 20, 22, 31, and 37); on components,
active (59) as well as passive (24 , 39 and 46), on different techniques
(or types of solutions) such as thin films (41 and 42), integrated
circuits (55), and printed circuits (25, and 43), and on a variety of
other aspects, e.g. packaging (32), interconnections (21), thermal
effects (23, and 34), and reliability (26, and 33).

Because our engineer encountered the key word "thin-film" several
times during his screening operations (28, 24 and 5), he decided to
spend anot'ler few minutes with the concepts related to this particular
subject.

The results were fast-compiled (from Block D): concepts for
bibliographies (65), state-of-the-art surveys (66), circuits and circuit
construction (56, 57, 59 and 63); amplifier circuits in particular (46
50, 51, 54 and 62), passive components (44, 45, 47, 48, 53, 61, and 645
as well as active ones (52, 55, 62, 67, and 68), preparaLive techniques
(58, 60, 64, 69, and 70).and on noise (59) and packaging (49).

Our engineer stopped his search on this point because in about 10
minutes lie had gained access to and had accumulated a great number of
pertinent, valuable studies and papers that inform him of the state of
the art and various techniques and assist him in preparing his own
better substantiated and more persuasive plan of operations.



Because it is significant for the consistency and the educational
quality of the ABC method, we will outline very briefly the search
strategy that would have developed if our engineer had started his
search with the second broad term in his first formulation of his
problem, the term amplifier.

We omit the analysis of the various types and aspects presented by
the concepts concentrated around this term (in Block D), but point
only to such different key-words as circuits (89), microelectronic (86)
and thin film (88) to which this second approach would have guided
our searcher.

Because these were the key-words he had used in his actual search
process, we can conclude that an investigator with a conscious
or subconscious objective in mind will be guided to identical
results whatever key-word he may select as his first approach. The
subject descriptors or concepts are so completely interlaced that if
he picks the most general term, he will in the progress of his search
encounter the more specific terminology which describes systems,
circuits, devices, comporents, materials, manufacturing, processing and
packaging methods, applications and environmental factors or any other
factor closely or loosely related to the subject identified in his
original formulation; and if he starts with the most specific descrip-
torhe will encounter the more general aspects, the principles and
applications as well as the relations to other subjects or disciplines.

The method lends support not only to the memory of the retrieval
operator but also to that of the person responsible for the standard-
ization of the individual concepts at the input time. We mentioned
in our first report the tools (dictionaries, thesauri, etc.) used by
us to assure consistency in terminology. However, the best prepared
SOP's cannot prevent the inclusion of synonyms or near synonyms unless
the research analyst or the person revising the concepts remembers the
established rules. While it is difficult in other systems to detect
a faulty input, the ABC dictionary combines in homogeneous grours
such similar expressions as molecular electronics, microminiaturized
circuits, 2.D circuits, micro-electronic circuits, miniature circuits,
integrated circuits, etc, thus enabling the editor not only to establish
rules for standardization, but also to apply the rules (whenever they
may have been occasionally forgotten for a particular input) by simple
and inexpensive corrections or by introducing useful cross references
into the ABC dictionary. Prior to these corrections, a mistake will not
impair the retrieval because, the fabric of the system, its modes and
interconnections will guide the investigator to every aspect of the
analyzed and verbalized information.
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4. CHARACTERISTICS OF THE SECOND-GENERATION ABC SYSTEM

Briefly, the ABC system in its present form, is based on two
tools: the ABC dictionary and the ABC card file. The ABC dictionary
is a list of concepts speclfyingý the .arious types of information in
the collection. The card catalog gives the title, accession number,
etc., of each doctunent. We must, however, emphasize that the ABC
method furnishes immediate access to available pertinent literature
once the proper concepts are found. It would, therefore, be logical
in principle to incorporate the accession or location symbols of
the analyzed documents in the body of the dictionary under the con-
cepts to which they pertain. But it is certainly more practical
to provide this information in a separate listing arranged alphabet-
cally by codes identifying the concept: In the latter case, the
investigators having selected certain concepts in the dictionary will
merely note the letter code and without interruption turn to the
described list of document accession numbers and use them in requesting
the documents.

In the first-generation system, this listing of documents and
accession numbers in the fonn of a card title file (organized by
asterisk-term and code in alphabetical order) is not a return to
another form of the conventional subject card catalog. This format
was selected for two reasons: (1) to introduce the reference
librarian to the ABC method, and (2) to give him as well as the sub-
ject specialist an additional opportunity of refining his request.
If the evaluation of the documents was properly made, any refining
could probably be made not so much on the basis of the title as on
personal or corporate author, publication date, size, or abstract,
if given.

In this context, the inevitable difficulties or shortcomings
of the first-generation ADC dictionary and card catalog can be
discussed along with their solutions., Pnd additional refinements
can be proposed. They resolve themselves specifically into the
introduction of additional ev:iluative information to provide a
further basis for selection and ttue redistrih'tion of information
in the ABC dictionary and the rard calalog", so that the former is
made a still more efficient rind effective tool and the latter lecomes
a more meaningful pRrt of the rfetrievt] system.

4.1 ABC Dictionary

A coordinator atnd planner of Ftotivitles concerned with scientific
and technical information control IT- recently stated that "...lan-
guages, especially semintics, are not amenable to &Aimple algorithmic
representation..." anr that "...any ordered pattern lased upon
languages or sematntics must, be at. least is difficult to represent as
the languarie is..."9

9Kelley, Jay Hilnr:;, "The -. rop; of Knowled(ae. •½eculations
Toward a Thoor;/ o1' Intr. i,:) 16-.lr.to.lo"__r!T; w .. oii.X.4



The truth of this observation is the vexation experienced in automating
the mmiagement and dissemination of scie:i.tific and technical information.
We place it at the head of this section for guidance.

If it is time-consuming and expensive to develop an adequate
algorithmic representation, to organize all new information for stor-
age by applying its signs and symbols, and to translate all requests
into the same artifiial language prior to any retrieval operation,
if planning and programming for these input, throughput, and output
activities absorb valuable manpcwer in great quantity, and if
scientists and engineers encounter delays when their queries must
be interpreted) programmed, and processed under the rules of such
a system, one can logically conclude that it is desirable to search
for simpler, cheaper, more direct, and more effective solutions;
where financial means are lacking for the time-consuming approach,
this is absolutely necessary.

It was this challenge that led to the initial development of
the ABC method, to the elimination of the two-way translation problem,
to the reduction of algorithms to a bare minimum, and to the utiliza
tion of natural language. A computer program was applied only to
provide the tools permitting access to a collection through the medium
in which scientists and engineers have learned by education and

experience and have been accustomed to think, to speak and to write.

The language is the language of the handbooks and textbooks; it
is the language that expresses clearly and without difficulty the
true complexity of the problem at hand, depending on the number of
characters that can be permitted for a given statement. Moreover, it
is the up-to-date language of the specialist, adaptable to changes
in meaning, to the instantaneous additions of new words and concepts,
and to the elimination of the superfluous ones. Despite all this,
this method facilitates standardization through automatic and complete
cross indexing, and preliminary or hastily introduced terminology
can be easily detected and replaced with an accepted standard form.

In addition to the improvement of standardization with respect
to terminology (content words as well as function words) the automatic
cross-indexing provides for the interlinking of the entire subject
matter presented in the analytical concepts. Without human effort,
the brid~es are built leading from one discipline to another,
from the specific to the general, from the most general, sometimes
hazy approach to the more specific one, from theory to systems and
applications, and from broad engineering aspects to the means of
realization: the devices, circuits, components, and underlying
principles.

This is not to say that the standardization is easy and adequate
or that the system is without disadvantages. The first-generation
machine program completely organizes the standardized concept-
phrases thoroughly, accurately, and expeditiously in an alphabetical
arrangement of all their key content words. It further provides

for a secondary grouping under these keywords by alphabetizing the
60 letters after the keyword. If the preposition and the syntax



were completely standardized, we could, under a given keyword, obtain
groups dealing with such homogeneous aspects as environment, applica-
tion, structure and composition. However, the terminology and
syntax are not so otandard as to provide satisfactory grouping
under keywords broad enough to include pages and pages of concepts.
This standardization problem is essentially the same one evcountered
in the automatic machine translation of languages.

We prepared preliminary rules for the standardization of lan-
guage and syntax, but recognized soon that any interpolation of
adjectives and other types of qualifiers would disrupt the grouping
of logically related ideas, despite the most careful planning. When
the prediction is realized that "...computer adaptability will also
*..include the capability of processing natural English text at a
level of sophistication now possible only to humans" and when
programs are available thatl 8 an standt 04ze the concepts written
by the individual analysts, the human efforts currently spent
in this respect on the ABC (as well as on any other system's) input
will simply be terminated and replaced by automation.

Because extensive studies are being undertaken and programs
are being prepared for the standardization of English texts to
facilitate machine translation into foreign language, we assumee
that the results of these endeavors would assist us in bringing the
concepts prepared by a number of experts into a consistent and
useful format through alphabetic ordering under keywords.

We discussed our problems with experts working on the automatic
generation of standardized texts, but concluded that we could not and
should not burden our already difficult task with complex and extremely
costly programs which, according to the best estimates, would not
become operational before the end of a decade. We could not afford
the luxury of investing large sums in fuacinating, but still unpre-
dictable. investigations; and, still more important, we could not
postpone our solutions for many additional years. We decided that
what can be accomplished should be accornplished right away; and
this in as simple, practical, and economical manner as possible.

We recognized that certain disruptions introduced by automatic
alphabetization had to be eliminated, and concepts that .rapidly
accumulated in the ABC dictionary under broad and sg!nificant con-
tent words such as amplifiers, antennae, diodes, lasers, oscillators,
plasma, transistors, etc. I.(e orl.unized for rapid and easy location.

Therefore, work was undertaken to prepare a practical, flexible
scheme for grouping in subdivisions the information under the

0Sirmmono, oblert F; ,;• e1din Klkein; Kereti McCoul %he. Co-
occurrence and dependenzvT h:_Le'_e r ,rniwerir,,c, Ei* Lish autestions.
System Develop:nr.t Corp., *Stta Montlca, Cal., Apr 3, 196.S.
SP 1155, p. 1.



different important keywords, to prepare a program capable of listing
the same concept under at least three of the logical subdivisions
of such a special superposed scheme whenever desirable and to
automate all clerical functions, such as the reproduction of the re-
quired numbers of concepts, the filing of the concepts into the vari-
ous subdivisions, and the printing of the organized sections and
subsections of the ABC dictionary.

Under the present plan, the number of subdivisions in one
given scheme is limited to 676 because of the -.wo-letter code used
for identifying them in the machine program. These codes (alpha-
betically arranged) for each subsection into which it is to be
inserted are added to the respective keywords of a concept.

The machine program will insure the following computer
operations: 1) alphabetization by keywords; 2) recognition of the
different codes attached to them; 3) reproduction of the required
number of concepts; 4) arrangement of the concepts by the code symbolsj
5) insertion of the headings ahead of the subdivisions (corresponding
to the code) from a second tape; and 6) printout of the subheadings
and concepts in order and eliminating the codes from the printout.

With the assistance of Dr. Louis dePian subgroups or subject
schemes (microschedules) for 30 different keywords have been
introduced.

To illustrate the improvements we can expect from this change,
we analyze a small number of the concepts organized by the content
word "amplifier" as they were published in the first-generation
ABC dictionary (Chart II). The deficiencies are quite apparent.

The alphabetized keywords followed by a comma, period, equal
sign, asterisk, etc. are separated from those without subsequent
marks or symbols. Whether the function word "to" introduces an
infinitive or serves as a preposition is not considered; it is there-
fore a link between quite unrelated concepts. Because the machine
program is geered to effect alphabetization behind the keyword (that
is, to the right of the break), the reader's eye will get used to
scanning this iegrnent of the line exclusively in tryirg to find
appropriate concepts, and will tend to iiil the concepts that end
with the keyword. With the introduction of mieroschedules, this
disarray of individual concepts caused by mechanical alphabetization
and inconsistencies in standardizing concept tnrminolog3 and syntax
is eliminated and replaced by the subject organization in Figure 15.
For example, the concepts organized under the key term, Amplifier,
in Figure 14 will be presented in the following: format:

Amplifiers - gen-ral

Multistare -

Concept 93

Amplifiers frequency '*
Radio frequency



Amplifiers-function

Intermediate frequency -

Concepts 94, 99

Wideband -

Concepts 91, 96

Linear -

Concept 95

Low-noise -

Concept 87

Band-pass -

Concepts 89, 90, 97
Amplifiers-mode of operation

Tuned -

Concept 90

Parametric -

Concept 98

Amplifiers- active element

Tunnel - diode -

Concepts 87, 88, 92

The individual concepts would be printed out fully under the
subdivisions alphabetically as they presently are.



It is obvioi:; from thl:; exLumtpl•-t.2 Uat th:! UV' tqiiz; i,.:r 0 t L:
second-generation dictionary will t<reatly simplif.; u&ZA ):pt 1 "p
retrieval oper:itiuon.. T]hne additirnral encudin;,, will iiv r.: lzu
input cost blilitly. However, there i, no need for tL;., ein:odi"y
the inquiries, ui requirement for retrievwi. f1o*iL L collc'.t.iorn
organized by a coordinate indexing, sy.s;tem rand LurWientd b!y tfht:
additions of roll and link indiators.

TWo additionial 'foriut ch:,in4e:e ,re dc.-illned to improve the
appearance and usefulness of thk dii'otlonptry. First of %1l, we
will elimiinate the length re;t±'iction of the individual .aoncept tu
one line. A new progrum in preparation will accornriodate coucepts
of any length. Second, we will print the concepts in a different
arrangement (Chart III a.i an exaunple; i final choice has not
yet been made), with double printint.g to produce it bolder type face
for the headingrs.

Although the secondiary or,-anization of the concepts 'iround
the key term will be mainly avicomplished by superpos;ed sulject
schemes, we will continue workin(: on the 'cffnri.-ment of our rules
for conceptinc. Something other than the rule thlat tin overall
concept must be prepnrmed to tie together the ',nrious different. con-
cepts assigned to one pn)per is neuded. In addition, we will give
considerable attention to the stun'lardization not only of the
terminology, but also of the syntix< Its soon as practical results
are available through the research on j-enerative granumir and auto-
matic translation methods.

4.2 Second-Generatlon Card Catalogs

Another major objective of the se'ond-generation AEC method is
the reduction of the dictionliry to the smallest possible size by
moving some information to the card catalog. The major items
scheduled for this operation are param-ters and descriptive in-
formation; e.g., form of the publication, its level of audits
difficulty and its method of approaeh and phase of research.

4.2.1 Parameters

In discussionr of engineerinf; data, the main emphasis is
generally placed on the selection of manufactured materials, components
and devices; thnt Is. shelf itemr which meef stated requirements for



the operation of particulur ry7ýtu-rao or
or in production. Provisions are rarely made for scientists and
research engineers in search of information on the performance
capability of available hardware, let alone items still under study
or in the development phase. HDL research personnel have fequent-
ly insisted that the contents of scientific and technical reports
and published letters be analyzed and o zganized for access by such
parameters as frequency, power, current, voltage, particular environ-
mental factors, efficiency, etc. to facilitate the construction of
prototypes and models incorporating tl'e best or latest components.

We could not ignore these eloquent requests because we
recognized that in the near future any efficient retrieval systems
for scientific information must also possess the capability of
fitting into an overall scientific environment and of supplementing
the reference systems for engineering data by supplying scientists
and engineers with the data of not yet completed items.

By way of form, Mr. M.M. Algor, an electronic engineer at HDL,
suggested a simplified notation of parameters. The numerical
values, for example) of a frequency, usually expressed as F = n x 10k
Hertz (n being a number composed of two or more significant digits,
k the appropriate, either positive or negative, power of the base
10), would be transformed to F = n (k). Finally this would be
abbreviated to FnPk or FnNk where P and N denote a positive or
negative value of the exponent and, in addition, separate the digits
of n from the numerical value of the exponent k . He also pointed
out 1hat the same method would make it possible to encode any
numerical parameters at the cost of no more than 7 digits or
characters. His suggestion was applied to the writing of concepts
(Chart IV).

Such significant parameters as frequency (F), current in amperes
(A), magnetic field in Cause (b), energy in electron-volts (E), power
in watts (P), acceleration in g's (G) etc. were identified and their
code symbols (combinations of capital letter and nwunerals) were
inserted with concepts either like adjectives in front of the term
they qualified or at the end of the entire concept to which they
pertained.

Although various methods of simplificatton and standardization
were suggestel during conferences between HDL and GWIJ, mary de-
sirable changes had to be postponed to avoid Purther delay in the
publication of the ABC dictionary used during the test.

At this time a detailed SOP has been drafted to govern the in-
clusion of parameters and their numerical values into our information
retrieval program. The parameter designations and the basic units
to be used have been determined, and the presentation of nu.'rsrical
values has been standardized.



However, the inclusion of the parameters in the ABC dictionary
as well as the form entries (e.g. bibliography, survey, etc.) is
undesirable as may be seen from the following: Assume we continued
to combine the parameters with the concepts and provide access to
them through the ABC dictionary. If four different parameters
are added to the average concept composed of five permutable key
words, these four additions will create four new concepts or the
requirements for the alphabetizat 4  of six key terms four times;
therefore, 29 lines will be print.d our instead of five and the size
of the dictionary will be increased by a factor of six. Beca'use of
the current rate of growth and the need for supplements to and
accumulated edition• of the ABC dictionary, this method would re-
sult in the product on of very bulky and also repetitive reference
torlsas not only t e added parameters but also the (five original)
contents terms will be rotated and reproduced each time.

The increase in computer time and cost of reproduction will be
in proportion to the increased size of the dictionary, but the
difficulty of organizing and using the dictionary will also be in-
creased considerably. We have, therefore, decided to exclude the
parameters from the dictionary and to print the information on
catalog cardM. The parameter notation will be found at the bottom
of cards which constitute the so-called ABC card catalog, that is,
the file where the searcher locates the titles under the concepts
he has selected in the dictionary. Furthermore, the same information
will be printed out on the top of additional title cards and made
accessible in a separate file througfl the following arrangement:
Cards regarding a specific parameter will be subdivided in alphabetic
order by names of systems, devices, instruments, components, etc.,
and these subdivisions organized by the numerical (parameter) data
filed in ascending order. For example, behind the guide card for
the parameter, frequency, we will find such subject headingh as:
Amplifiers, Antennae, Diodes, Oscillators, Switches; and under
each of these subject headings the pertinent titles on separate
cards filed in numerical order according to the frequency (ranges
of frequencies will be represented by two cards, one to be filed by
the minimum and the second by its maximum value).

4.2.2 Descriptive Information

By the formulation of very specific and complex concepts, the
ABC method facilitates direct access to correspondingly sperific and
complex information. This versatility was also used in the first-
generation dictionary to advise the user of the types or forms of
analyzed publications in the collection; if they were analytical
or title bibliographies, collections of papers (symposia or pro-
ceedings); if they covered a small period, a major segment, or the
complete entity of a particular research or development project;
if they reported on a theoretical study, an experimental investig•tion,



or a test; and if they were addressed to the student, the generalist,
or the specialist.

These very detailed descriptions by form and type of publication,
and by level of ta3atment led to the specific entries in the ABC
card file. Because the use of the card file was not eliminated and
the development of a more condersed and efficient dictionary was
desired, we decided to provide the information concerning the format
in a different and economical manner. In the future, the second-
generation dictionary will convey only subject matter in most
precise statements or concepts; but on the individual title cards
of the ABC card file, letters will be added to the shelf number in
order to denote whether the particular title represents a bibliography
(b)j a collection (symposium or proceeding) (c); a theoretical (t)
or experimental (e) study; or a progress (p) or summary (s) report.
These symbols will be determined at the time the concept is being
prepared or standardized; and they will be used to establish and
print out subheadings under the respective asterisk terms in the
card catalog and to guide the retrieval operator in his selection.
These are not to be confused with the subheadings in the dictionary,
some of which are being carried over (into the microachedules), to
be used to aid in searching for the appropriate concept.
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5. COtCLUSION

5.1 Second-Generation ABC Method

This report is an introduction to the presentation of the test
data and evaluations, which will be published in a few weeks. In
these concluding paragraphs, we wish to emphasize the characteristics
of the second-generation ABC storage and retrieval method, sum up
the basic problems we encountered in planning and performing the
test, and call attention to some areas requiring further investigation.

The second-generation ABC system is a hybrid in as much as
subject classification has been superposed on the otherwise pre-
douinantly alphabetical arrangement of ABC concepts. Both types of
organization supplement each other most effectively. The alphabetic
arrangement of the standardized concepts has the great advantage
of preparing a large amount of information for fast and meaningful
access, because it is "the most highly successful ordering pattern
based upon tradition with very little components of natural order
or logical order." 1 1 Its disadvantage (at least with the available
program) is its inability to furnish logical order in the specialized
subject areas, that is, under the key words. This deficiency is
overcome by the subject classification in these areas, which should
be distinguished from systemailc schemes covering large subject
areas. Because they are pre-conceived and pre-prepared, all com-
prehensive classification schemes are difficult to adjust; and
because they are linear in structure, they lack the flexibility of
incorporating the new aspects and the new disciplines of the rapidly
expanding science and technology. They separate as much subject
Matter as they bring together. However, in a very narrow and specific
field (under a keyword) they permit a logical organization that is
acceptable and helpful.

Through the ABC dictionary and retrieval method, an interface
has been established between the scientist or engineer and the
contents of the collection. The investigator is no longer required
to discuss his problem with a documentalist and to assume that his
problem is correctly and fully understood; or to possess "the a
priori knowledge.., of that which he is requesting in order to pro-
duce a successful output."la When he opens the dictionary with a
general or incomplete formulation of his requirement, the contents
of the collection are not only displayed before him in a language
he fully understands, but the multidimensional characteristics of
the presentation lead him to more precise definitions, to a clearer
recognition of his task and its complexity, and to information as
broad or as specific and as theoretical or as practical as he may
desire. The system itself serves an educational purpose, in that
it gives the researcher more than he brings to the information

"Kelley, Jay Hilary. "The Entropy of Knowledge. Speculations

Toward a Theory of Information Retrieval," 10 Nov. 1964, p. 39.
1 2 Ibid.



office, and at the same time, enables him to develop and adjust
his own search strategy and to select those areas or subjects he
wishes to cover whether close to or removed from the originul formu-
lation of his question.

The retrieval operation using the second-generation ABC
dictionary is graphically showni on Figure 15A.

Since the investigator or searcher makes his own selection
from the collection, he obtains the information he needs faster and
at a lower cost. In Figure 16, the ABC retrieval process is com-
pared with a characteristic retrieval operation performed on the
basis of a co)rdinatE indexing system. In this latter process, the
questioner with hMs rroIem in mind mast first face a documentalist,
who will prepare the seý'Tzl. strategy and the program as soon as he
believes that he has undertstood the investigator's question. The
program is then pinched, insc-Led into a computer to recall thce
corresponding information from its memory, and in most cases, the
print-out is checked for adequacy and pertinency by a subject spe-
cialist prior to its release.

The ABC retrieval method on the other hand necessitates only
the following steps:

1. The screening of the dictionary for the icientifi.caticn
of the appropriate concepts (by the asterisk-term and letter code);

2. The inspection of the card catalog under the term-code
combination and the withdraw.al of the per-IArnent doculnents by acces-
sion number from the snelf.

It should be emphasized in this connection that an inoreese
in the effectiveness of the system through screening the dictionary
more intensively will not affect the efficienzy of the operation
to a proportional extent.

The directness and simplicity of the mwinal retrie-,-al operatiod,
the organizatior by parameter, type, and le.el of difficulty in
two ABC card files, and the automatic rrint-out of :ihlio,;arpi-ies
by the concept number as well as bt the suject-c-roups are oi
gratifying improvements of the second-generatiln Ali'C methoid.

Moreover, it should be ccrI.idered an .Eant,? that the Fýst.em
discourages the ignorant frort pnrticiptim in tt.e irn!-, prooep1ures.

Wnile in other systems the inrdexer may pl-k ro :s wis tcnns
from the title page. the content table, or tlie 0cJ 1 oM' T!C TrIaer
and insert them (after a process of standardization), apprcT2PI.: e
concept phrases can be prepared only by those who Fre caprtle of
analyzing and judging the substance and qualit-; of the pteplls. The
results of a selective input and mearilrfu] ar-•vru'hle will -

hance the quality of the outlput and derrea7 :oosp of t:;e
service.

And last but not )easf, t. tkn., riec. jy r-ý 1n,-.1%e- ,
traditions and 1- , cy . ic-e,'nen, ,v f fr:; I ' t'•, i ,,



surveys, c,.mplex and time-consuming programs and procedures and
inappropriate machinery, the method offers relatively simple,
flexible, and apparently economic solutions to the problem of dis-
playing current scientific and technical information in an under-
standable, meaningful manner for selection by the scientist and
by the engineer at the work bench as well as in a supervisory,
planning, or execu÷ive position.

5.2 Characteristic Aspects of Test Preparation and Performance

The design 3f the test and its procedures for the performance
and evaluation proceeded in the presence of various major diffi-
culties. To con-luct the test to obtain meaningful data, we had
to create a true-to-life situation. In addition, since the
objective of the project was to evaluate the system as such and
not its operator:i, we had to eliminate the human error factor at
least to the extent that it might exceed the permissible or ex-
pected tolerance; and we had to weight the distortions caused by
human subjectivity at every step of the test activities: the
selection and compilation of the collection, the preparation and
standardization of the concepts (or subject approaches), the
formulation of realistic and pertinent questions, the test perfor-
mance consisting of the identification of the significant concepts
and the apprc :iate documents, and finally the evaluation itself.

A further complication was added in that this test was not
separately funded, but (with the exception of the information
analysts) had to be conducted by "volunteers" who under the pressing
burden of their main assignments in the laboratories did not al-
ways cherish their role. For many of thený the test provided the
first opportunity for an actual contact with the ABC retrieval
Method.

Because these difficult problems and situations were recognized,
we introduced as many controls as possible to take advantage of the
disadvantages of the situation.

Size, scope, complexity, quality and currency were the deter-
rining factors for building a test collection to give meaningful
and representativz responses to realistic questions.

The controls used for the formulation of realistic questions
were twofold: 1) some questions were generated on the basis of
papers randomly selected from the collection and others on the
basis of only a general knowledge of the scope of the collection;
and 2) the questions suggested by one group of scientists and
engineers were screened, evaluated, reduced in number, and stan-
dardized by a second group of research supervisors and adminis-
trators. We do not claim that this procedure was entirely successful;



but we preferred it over the suggestion that questions actually sub-
mitted to the library by laboratory personnel during the last year
should be used because a check indicated that these verbalized
questions seldom reflected the true requirements of the iivestigators.

The retrieval operations themselves were performed with a variety
of control measures, by three different groups: 1) the scientists and
engineers who had formulated the questions; 2) the research analysts
or producers of the concepts; and 3) the HDL librarians (reference
librarians and catalogers). We divided the first group (scientists
and engineers) into two sections as a control factor: to determine
what bias resulted from retrieving one's own question.

To determine the difference in details required by experts and
generalists, we tested two different ABC dictionaries. A KWIC title
list was used as an additional control factor. In this way, we ob-
tained 12 test data for each question. The sequence of tools used
was altered to determine the possible bias produced by the sequence.
To provide for an objective assessment of retrieval, the quality of
the paper on which the test question was based was used as the standard
of measurej for the freely-sty2td question the quality of the retrieval
was determined by its relevance to the query.

The adequacy or inadequacy of the concepts selected by the various
operators from the ABC dictionaries was evaluated in the following
manner: 1) the various combinations of individual elements contained
in a given question were rated on how well they reflected the intent of
the problem: excellently (+), adequately (=), still usefully (-), or
inadequately (o); 2) these a Priori established combinations and their
ratings were then applied to measure the usefulness of the selected
concepts. While subjectivity may obscure the lines that separate the
different ratings, the sliding scale makes it possible to identify
the concepts that are completely worthless and unrelated with regard
to the question. The number of unusable retrievals will be used to
determine the extent of operator error and will provide for an erron-
weighted relevance ratio.

If the test data should offer a sufficiently broad base, a study
will be initiated to determine the qualifications or characteristics
of a good retrieval operator. It would be based upon two samples of
10 operators each: one for those who had been consistently successful,
the second for those who had consistently failed. By selecting certain
factors such as education, length and type of experience, papers and
reports published, patent disclosures, etc., and by preparing one
rating scale for each of these factors, we would produce profiles.
With the sum of the weighted factors, grades for each ii.dividual and
frequency curves may facilitate an answer to our question.



APPENDIX A

The Cost Factor

To comply with a number of requests, one of which was included in
a review of the first report, we have kept an account of the money
spent to organize the test collection in accordance with the ABC
storage and retrieval method.

We are aware that absolute cost data are of no significance unless
they: i) are related to the quality and utility of the service;
2) can be translated into price scales that prevail in ,ifferent
countries and localities; and 3) can be adjusted to fit particular re-
quirements. In every ilAstance one must also consider the cost of
other methods, especially the current method one wishes to replace,
since a comparison can be meaningful only if an eventual increase in
cost can be measured in terms of resulting improvements.

We have, therefore, reduced all expenditures to unit cost, that
it cost per title; and wherever feasible, given an indication of the
time irvolved in the individual operation.

a. For the selection of the test collection
and the preparation and standardization of the
concepts for 3650 accepted titles - total cost
was $lC,674.60 and the unit cost $2.91

b. For the input into the computer memory
we required an average of 6 punched cards per title.
At a unit cost of $0.07, the cost per title was 0.42

c. For the print-out of 3 different catalog
cards and one bibliographic listing of the collection,
a total of 24 lines per title at $1.00/minute (1410)
machine rental, the cost per title was 0.11

d. For the KWIC title list ( a non-essential
tool for the customary reference service) about 5
lines were permuted at $8.00/minute by way of the
1410 computer with a per title cost of 0.06

e. For permuting 4000 concepts with 7094 computer,
the total cost was $150.00, and the cost per title 0.04

f. For the printirg of the ABC Dictionary with
the 1410 computer, the cost for an average of 6 lines
per title amognmted to 0.01

TOTAL $3.5

NOTE: Additional cards create a cost increase of up to $0.02.



In the expenditures we included only the cost of printing one
dictionary. Every additional accumulation requires another printing
of the same title, at a title cost of $0.01. If therefore the
average title added to the collection vill be published in a second
accumulation during the first year, and then be included in the
yearly accumulations in its second and third year, the cost of
three accumulations must be added, an increase of $0.03 per title.



APPENDIX B

Divisions of the Classified CataloF

A. Applications of Solid State Devices
AO. General
Al. Communications
A2. Computers
A3. Power Applications
A4. Control Applications
A5. Instrumentation
A9. Other Applications

B. Basic Solid State Device Circuits
BO. General
Bl. Amplifier
B2. Oscillators
B3. Switching Circuits
B4. Signal Convertors
B5. Wave Generators
B6. Pulse Circuits
B9. Other CircuitZ

D. Solid State Devices
K. Semiconductor Device Measuzements

Ka. Diode Measurements
Kb. Transistor Measurements

R. Conductive Devices
a. Diodes and Rectifiers

aO. General
al. Point Contact Diodes
a2. Junction Diodes
a3. Area Contact (Metallic Rectifiers)
a4. Surface Barrier Diodes

b. Transistors
bO. General
bl. Point Contact T-isistors
b2. Junction Transistors
b4. Surface Barrier T-cansistors
b5. Field Effect Tran.3istors
b9. Grain Boundary Tr.nsiE~tors

c. Fur 2tional Units
d. Magnetoelectric Device3

dl. Hall EffeAt Devices
d2. Magnetoresistive Devices

e. Other Conductive Devices
el. Resistors
e2. Symmetrical Varistors
e3. Cryogenic Devices
e5. Negative Mass Devices

f. Photoelectronic Devices
fO. General
fl. Photoconductive Devices
f2. Photodiodes and Phototransistors
f3. Photovoltaic Devices



g. Luminescent Devices
h. Other Photodevices

hi. Photogenerators
h2. Qýantum Convertors
h3. Optical Filters
h4. Polarizers

T. Thermal Devices
k. Thermnitors
m. Thermoelectric Devices
n. Other Theroelectric Devices

H. Magnetic Devices
p. Ferro and Ferrimagrietic Devices
pO. General
pl. Altenuators
p2. Isolators
p Ii. Phase Shif terL
ph. Circulators
p5. Amplifiers
p6 . Logic (Memory) Elements

q. ParwunaCnetic Devices
ql. Masers

r. Other Magnetic Devices
E. Dielectric Devices

s. Ferroelectric Devices
sO. GenerLl
sl. Electromechanical Transducers
s2. Memory Cells (Storage Elements)
s7. Amplifiers

t. Other Dielectric Devices

tl. Fixed Capacitors
t2. Variable Capacitors
t3. Space Charge Limited

Dielectric Devices
G. Other Solid State Devices

U. Superconductive Devices
ul. Cryotrons
u2. Crowe CAli,

v. Efltrctrnechmi.:al Devices

vl. Pinzo i<ttve Devices
w. Mjcneto, 2hanical Devices

w]. M•netrtrictive Devices
z. Mici eilaneous D.-vices



APPENDIX C

June 10, 1964

TO: Distribution

FROM: B.M. Horton, Technical Director

RE: Cooperation in Test of Indexing System

1. The Defense Department has asked us to run a test of the
effectiveness of our irdexing system for information retricval.
The test is under the general supervision of Dr. B. Altmann,
our Technical Ii.formation Officer, but he will need your help.

2. I ask each member of the Editorial Committee to cooperate as
requested in the selection of test questions and in the evaluation
of test results.

3. I would like for each Laboratory and Division Chief to cooperate
by assigning subject matter experts as requested to help the
Technical Information Office and the Editorial Committee.

4. With adequate participation, each person involved will need to
devote -o the task not more than six hours during a two-week
period.

5. Area Intelligence Information Offi!ers will arrange details
of Laboratory/Division cooperation.

6. The test will be run on a sample of 400 aocuments randomly
selected from a collection of 4,000 documents in the field of
solid state devices, circuits, and their application. HDL per-
sonnel are now preparing questions based on the-e documents.
These questions will be put to the index of these documents
prepared by the HWL system; the documents retrieved as a result
of this process will be evaluated for relevance and coverage as
a measure of the effectiveness of the indexinrg and retrieval
processes.

B.M. Hortot

IR/bwh

Distribution: Lab and Div Chiefs: Hrardin; S•-. .. ; Htcher; Hoff;
Nilson; Flyer; Campagna; DeMasi; Landis. Editorial Committee: Eichberg;
Godfrey; Moorhead; Distad; Vorkink; Bry!nt; Mc7oskey; K'rLmus; Dr. B.
Altmann. I. Rotkin.



Preparation of Test Collection and Retrieval
Tools

CVC DDC
Calds Cards

Filter ICCC Organized
Filter. .•SubJect Card

Catalog

CRequests

DDC Libraries
DDC-

Test
escriptive Collect4 on 'Subject 'tandard-_'
Catalog \Analys-1- 01 zat

/

*y punCh- ( Key Punch

ing Cat

Punched I Punched con-

Description cept Cards

Cards

-,/ - io and \
7090 Computer -
OperationL

ABC 0tr- List o~[Aipha.
I i 1 !'Term Concepts Cod
and 2 lan by Code l at.

// ! ~ICode )

LCat.

Cat

Tape -
!0 , -. I



Preparation of Test Qzestions

6at
Computer (1mpe I

SList of CCC
S.Randm list Categories

ofJ

.4

~Oiion(rForoupt• Io aln

r IGroup I

4uestion

Evuation
Group I1

A1i-epere
Discard j oR -al

Retr'ieval

Group I Scient Ridg
Group I info Analyta
Group 3 -Librarians Group 113

'Releavel TMIs nRet rzi~j ?rl e
:l.Short Dilet. 1. KWIC list
2.KmIC list '2. Short Dict9

iL3"ong Diet 3. Long Dict

/

8.



GUIDELINE FOR QLUIT:ON FOIMULT0ON

1. There are three sheets of 20 titles each attached. These titles Ihv#e
been selected from a listing of 400 such titles chosen randomly from.
the entire test collection of 4000. They are arranged ao that LeIn-
nling on the first page, the titles cover the area that you indicattd
an interest in. Since the requirements of the program make it
necessarj that each individual prepare at least six questioios, pleatsl
select four titles from the first page and the remaining ones from
each of the Jollowing pages.

2. The questiont should be written in such a manner that:
a. They are answerable by the article.
b. They are limited to the major findings, methods, devices,

parameteis, etc. discussed in the article.
c. They do lot cover general introductory or historical material.
d. They are not based on footnotes or material incidental to the

major to]ic of the article.

3. The articles used in this portion of the test are set aside in a
special section of the library and can be located by consulting
the librariar.

4. The last thr• , weeks in June will be allocated for the formulation
of these ques tions.

5. When you have prepared the questions, please submit them to Miss K.
Rydlewicz, Rc)m 207, Building 92.

6. The following is a sample of the form to be used in preparintiL ,,
questions. Tiese forms will be placed on the circulation desk
at the entran~e to the library.

TIO Records Information (leave blank)

Question:

Document Identification: (period ie mo uxe, data.
and pi.gre) _ _ _ _ _ _ _ _ _ _ _

Name: Branch: Faxt:

Evaluation ofQution: (leave blar

4ý,



E'i,aluation of Questions

_,Question:

Document:
Criteria for evaluation

1) Question should be concerned with cignificant aspects of the paper.
2) Several questions closely related in substance or differin6 only

in terminology should be combined.
3) Question requiring modification should be rephrased.

-Approved Formulation:

Assigned to: Branch: Ext:

Accession numbers of other documents which should be retrieved. In

comparison with basic document:

Of Greater Value Equal in Value Of Marginal Value

2.

3.

47
Figure 4



Retriuval Form

Name: Br.- E xts
question:

Basic Document:

Time of Start: Stop:

* Term Code Accession Nos.

4.3.

5.

6.

7.

9.

10.

Figure5

4~8



Evaluation Procedures
All
Questions

Valustors ' Result
Retrieved " rp 1ad
Documents - 1 and 2i "

Question

Evaluators ResultS......... +Grp II -. ... e ul

Concept o-r

KWIC title

Question I

Evaluators
Document , Grp II

retrieved .

Question

V

Mearich b'y
Group T T + 0

,J 'Evaluators

j Group II
Addit ionalr

documents

49

Figure 6



Evaluation of Test Results

Name:
Group: Team:
,uestion:

Basic Document:

Titles Retrieved Pertinent Titles Not Retrieved
-(For Group I and II) (For Group I)

Accession Nos. 4',+I- 0 Accession No,. + 0,
1I. 1.

2. 2.

3. 3,

4. 1.
6. 6.

7, 7.

8. 8.

9. 9.

10. 10.

Figure 7

50
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Second-Generation Subject Organization
(Sample: Key word "Amplifiers•')

A General

AO Reviews, Surveys, Bibliographics, Handbooks
AA Gain Control
AB Multistage
AC Noise Considerations
AD Dissipation
AE Distortion
AF Feedback in wl&fiers
AG Capacitance in amplifiers
AH Miniaturization
AI Frequency response

B Theory and Design

BA Analysis and synthesis
BB Design
BC Stabilization
BD Research and development
BE Survey (see AO)

C Frequency

CA D.C.
CB Audio
CC R.F.
CD Mirpowave
CE Millimeter wave
CF Infrared
CG Optical

Fiure•) 1
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D Classification by Function

DA Intermediate and Carrier Frequency
DB Wideband and Narrowband
DC Linear
DD Differential and Difference
DE pulse
DF Operational
DO Low-Noise
DR Decade
DI Phase-Inverter
DJ L*w Distortion
DEK Bipolar
DL Selective
DX Phase-Splitting
DR Frequency Converter
DO Band-, High-, Low- Pass

E Classificatl1.n by Mode of Operatti'a

EA Single-ended
ES Push-Pull
MC Feedback
ED Switching
ZE Tuned
E Fridge
W Chopper
EN Parametric
EX Maser
FJ LAser"
DC Negative
EL Cascade
EN Distributed
EN Traveling Wave

F Clasfsictinb Active lement

FA Diode (includes tunnel-diode, negative impedance)
FB Tube
FC Transistor
7D M3agetie Material
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G Classification by Level

GA Low-Power
GB High-Power
GC Impedance
GD Voltage
GE Current

H Classification by Class of Operation

HA Class A
HB Class B
HC Class AB
HD Class C

I Classification by Specific Application

IA Radio
IB Television
IC Telephony
ID Telegraphy
IE Computers
IF Power
IG Control
IH Instrumentation
II Medical
IJ Optical
IK Industrial
IL Telemetry
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Retrieval using "ABC" and "Coordinate Indexing"

-i -

~ery Query

Q.
,brought to

I I
Program Query
Search Para-

card Cat.

Documents Pnch
search.)

Machine
run

Print-out

I

V

Documents

Figure 13
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Test Operations by Groups

Group I Group Ild

Group 1a Group 2 b Group 5c

A B

I. Preparation of Qiestions:
Type a: Document - Based 225
Type b: Freely - Styled 36

1I. Standardization of
Questions:

Type a reduced to: 100
Type b: 36

171. Test Runs:
Own Questions Type a: 50L '50
Counterpart's Questions \

Type a: 50""'\0 100 100
Type b -Questions: 36 36 36 36
TOTAL 136 _1Z 137-3

IV. Pre-evaluation of Results 136 136 136

V. Final Evaluation of 136
Results

aConsists of: 41 HDL scientists and engineers.
bConsists of: 6 Analysts (George Washington University).
CConsists of: 6 HDL Librarians.
dConsists of- ca 30 senior scientists and engineers including those

of other agencies.
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Sample of Purtuneters (First-Generation)

FREQUENCY (in cps)
Fa means 1oa0 to 10a cps

Example: F2 means i01 to 102 Cps

FLAX.b means .b X 1 0 a cps
Example: F5X.3 means .3 X 105 cpt

FaX.b-c means .b X loato C X i0a cps
Example: F2X.5-6 means .5 X 102 to 6 X 10 2 cps

FuX.b-cX.d means .b X 10 to "d X 10c cps
Example: F2X.3-5X.4 means .3 X 102 to .4 X 109 cps

CURRENT (in umpereu)
•!ameanis iU n'l to i0a tuaps

Example: AP3 meanE 10 2 to IU3 ampsANA means 10"a to 10"a+l amps
Exawple: AN5 means 10"5 to 10-4 amps

APa X. means .b X 10a =ps
Example: AP2X.3 means 03 X tO 1 amps

ANaX.b means .b X 10"F amps
Example: AN_5X.4 means .4 X 10-3 ampk

APaX.b-c means .b X 10a to e xIOa tmps
Example: APX.5-7 means .25 X 102 to 7 X 102amps

Chart IV
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Supplement

p,.etr1 I'•o,)r .ins ct tne I{DL Inforniation System

by

Willia•n G. Brown
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I. Present System

Thie over-all planned system for library automation is shown in
Figure A. The function of each of the functional blocks of the
planned system is as indicated. However, at the pretient time, only
four of the indicated ifrnctionLý art= operational: descriptive cata-
loging, subject analysis, AfT' dictionary updating, arid subject card
catalog updating,. ink more t.;tntral terms, these four fwi.ctions fire
conveniently grouped togfý,ther asi only two broad functions, namely,
cataloging and AB(r dictionary updating.

It should be eirphusized that the presently operatint; versions
of these systems for cataloeirig, and APC dictionary updating are not
the sarie as those planned f'or- iiiiplemeritation in the, luture. S3everal
ref'inements for more simple operation as well at; for more attractive
outputs will be incorporated Into the final system. However, before
proceeding to a description of 'Ait, final zystemi, those portions of
the systems presently operating wilbp describced.

Flow diagrwns of the two presently operatingL. systems are
shown in Figures B and C. It should be noted that each rectangular
block In these flow diagrams indicates a se-')arate computer program.
The circulur symbols nvme tapes, with ti~e drive numbers on which
they are mounted indicated as "DR x" whpere appropriate.

A. Catulo-firj~ Systemi

At present the cataloging- 5:/stein produces two-part accession
bulletins, catalog, cardS, and appropriate files of inforiwation on
magnetic tape. The two-part accession bulletins are composed of:
a) at bibliographic 1± stiril (in broad-stibjeot-caterory order) printed
by the Bulletin Print pror~ramn, arind b) a PdTC rotated title list pre-
pared from h tape output of the Ivilletin Print program by the BE-PIP
(Bell Joermiutationi Index Prra) 090 program, supplied by tile IBM
SHAhE systeni from the oritjinal aoti,-r, the Bell Laboratories. The
catalolg cards aro printed fru(m R tlap): pricptred by the Blulletin
Print program only aftter thil3 tapv La~s Leen sorted into approximate
filint, order for eaf~e of platvirig the ourds in the catalog; diawe.rs.
The tape~ files maintained are use'i~l '.or- such operations asi sultject-
card- -atalog updating., and the possible printing of additlional
cat-Alcgrs and listS (Faicih ý,s tiie reu.;c,,tly provided lists of corporate
authn's !.nd conitrntct anti projeo't nuint~ey,). Thf. operation of the

caalgiv ysttem (Fig-ure2 1.) is Fas fol]1',ws:
1. As Input t~o the ("Ittaloginir --y-t~ein, IBM cards are puniched

in a formiat design-red e2specially for- thi.. rippli~aition. Tnese cards
are punched froiti a worksheet (Figrure D) ozý whiict. each line rer-
resents~ <t single IDM putr:hed oard. In this fonrm~tt, the shelf
number of each item ( c.;rd (!o1 wru1s 1 - - b)i rtep(-'ted oil eaclh
punvh.-ýd oard, as is the~'rp~e (Eirva-~~c uatetory) t~umlber
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(Column 74 -- 79).* Thus, the cards to be cataloged for a given iteff
are easily sorted together on these numbers. However, in order to:
a) identify what portion of an entry !a signified by a given card,
and b) properly sequence the cards within a given type of card (say
a title card), two additional numbers are added to each punched
card. These are the card numbers contained in Columns 10 and 11.
The first of these (Colurmn 10) indicates the type card, according
to the type of information entered into it (report number, corpo-
rate author, contract/project number, title, personal author,
subjects, etc.). The second digit (Column 11) merely provides for
proper sequencing of cards within a similar type (Column 10) entry.
The data whicn are subsequently used for printing are all (except
for shelf number) punched in Columns 12 - 62.

2. IBM punched cards are put onto tape with the TFG-B program,
which is a utility program supplied by IBM.

3. The tape images of the cards are then sorted into order
by the Sort/Merge 11 Program supplied by IBM. Sort/Merge 11 is
used in making all sorts and merges indicated. The order into
which the card images are sorted is the following:

a. Subject-Category number,
b. Shelf number, and
c. Card sequence number within eaih cataloged item.

4. The card images are then run through a purge program, which
deletes any items containing detectable errors. These items may
then be corrected and re-introduced into the system in the next
run.

5. The records which are not deleted by the Purge Program are
then used for two purposes. In one instance they are merged with
the input file (on tape), which is a file of all records which have
previously been enterea into the system. The other use of the rec-
ords is as input to the Bulletin Print Program.

6. The Bulletin Print program prepares several output tapes
while it is printing a bibliographic 1isting of all valid items
entered into it. One of these output tapes, DR l, is sorted for
subsequent use in printing catalog cards. Another tape, DR 4, is
used as input to the Bell BE-PIP program used to produce a rotated
title list. Still a third tape, DR 5, is used to maintain a Pa-tial
Subject File for subsequent use in updating the subject card catalog
with the ABC dictionary updating system.

7. The sorting of the Drive 1 output tape (the main cataloging
output) is done in the following way:

a. Card type (shelf number card, Project number
card, report nur-ber card, subject card, etc.)

b. Data entered onto the card sorted upon.

*Only the first three positions are currently used. These
represent a broad subject category, which is used at present only
to organize the periodical accessions bulletins into subject
categories. Thus, the primary sorting of inputs is by this subject
category, the secondary sorting is by the shelf number, and the
tertiary sorting is by the two-digit card numbers (Columns 10 and 11).
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In other word3, the tape file is sorted first upon the type of card
catalog entry to be made, and second, upon the atlpha-numeric
information of that particular entry.

8. The Card Print program has only to print the sorted output
from Drive 1 of the Bulletin Print program to create a set of
catalog cards that are in approxl,.ate filing order. The sorted tape
is also used to add to the tape file of all cataloging information.

9. The Drive 4 output tape from the Bulletin Print program is
run throulgh a series of programs to produce the desired outputs.
The first such proesram is the previously mentioned BE-PIP program.
Although this pro.ram produý!es several outpiit (tape) file6, only
one is utilizted for the c'.taloginrI system. This is the second file
aontaP'ed on Drive A-5. Thhi" tLp2 is entered into a 1410 program
which does two thin,.gs: a) it prihtz the rotated title listing, arid
b) it puts the, file out on another tape, as tie first file on that
tape. This output (first-file) tape is then merged with tne file
of all rotated titles tLuh, far entered Into the system. This lcngc.
file may be ut~ed to occaulionaily print rotated lisets over longer
periods.

B. A" jction ,_Upaati:,•-.u ',yrterq

The Alr, DI,-tionar' Upduat.j: Sy-tein (Fig-ure C) mast perform
eeveral fý'nctiors. To U!-;-la with, it mlst provide for mnakint;
additior.r. arid ctaiin-e5. to thie etitrteý, in the dietiontar,. The changes
are r.eedtd in orduv to fY,.'th-r :3:•s.,iardize terminolooy ,'•d asterisk
terms. The additWions, it "s, ' -i. always be re.,•td in aly open-
ended system. Bitt ,unnither i'anctinii, t.hat of makiin deletions, als;
is needed. Alttiough this w-ould :l,•,ai.--,r oimplest of all, there is an
additional requirem•.ent thlat, sin:e ui-,' deletion is made only in
order to combine entries ha~rlg, simil:ar meinings, the reports
cataloged under the deleted entry must automatically he transferred
to the other entry having the same meaning,. The operation of the
system is as follows:

1. The old version of the dictionary input tape :and a tape of
the desired changes are entered into the A13C Dictionary Update
program. The types of ehanfeoi are additiorv,, changes to current
entries, and deletions with replacements. The progrnam produces
three output tapes: !a) a new updated version of the dictionary in-
put tape, b) a list of deletions ,Ltnd their replacments (on tape). and
c) a list (on tape) of all ý,li-i asterisk terms for eac-h coded item
in the new updated version of the dictionary.

2. The new dictionury input, tape ij ttien entered into the BE-
PIP programs (the sarne one user', I, tQhe Catalo,-ing system) ro as to
produce a list (on tape) of rotated conc:epts. Also as in the
cataloging system, the BE-PIP Drive A-5 )utput tape is printed and
made into a first-file tape, which can be used to print additional
copies of the dictionary more rapidly. This is all that is re-
quired to update the dictionar:, itself.

5. Both of the other tapes from the ABC Dictionary Update pro-
gram are sorted into code ordcir (separately), for entry into additional
programs.
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4. The Drive 4 output from the Dictionary Update program
(sorted) is entered into the Delete and Replace Asterisk Terms
program, along with the Drive 5 output from the Dictionary Update
program (sorted). The Delete and Replace Asterisk Terms program then
inserts the proper asterisk terms for the coded items which are re-
placing the deleted items, and the results are written out on the
Drive 3 tape as changes.

5. The Drive 5 output from the Dictionary Update program is
entered (sorted) into the Compare and Change Asterisk Terms program,
along with the Drive 5 output from the previous updating run. The
Compare and Change Asterisk Terms program compares each set of
asterisk terms for each coded item, and whenever the new asterisk
terms are different from those previously used, it writes these new
ones out as changes on Drive 3.

6. The two Drive 3 output tapes from the Delete and Replace
Asterisk Terms program and the Compare and Change Asterisk Terms
program are then sorted together, and are entered on Drive 2 into
the Change Reports Subject File program.

7. The change records on tape Drive 2 are compared with the
Reports Subject File records on Drive 1 by the Change Reports
Subject File program. This program then produces three output
tapes. One of these tapes is a new updated version of the Re-orts
Subject File, containing all changes caused by the updating of the
dictionary; this is the Drive 3 output. Another output is that on
Drive 4, which is the same as the Drive 3 output, but which contains
only the items to which changes have been made, rather than the
entire Reports Subject File. The third output is that on Drive 5,
which is a list of any changes for which reports were not found.

8. The Drive 4 output is then sorted on its asterisk term and
code, and is put into the normal. Card Prinit program to produce
additional entries to the subject card catalog. It should also be
noted that, although it is not shown in the diagram, the Drive 3
output file must also be re-sorted before being used again as the
Drive 1 input tape.

II. Planned System

The final system presently in the development stages will be a
substantially modified version of the presently operating system.
In general, the final system will incorporate such changes as: a)
somewhat expanded main cataloging tape record to allow for insertion
of codes to tie together similar bits of information that are parts
of the same entry; b) a two-level sorting field in the main catalog-
ing tape record to allow for sorting of catalog cards not only by
the primary data (such as the corporate author) but also by
secondary data (such as a report number or project number); c) an
automatic procedure for calling in various programs as needed to
process those transactions for which entries have been made (such
as cataloging, charge or discharge, request for purchaseetc.); and
d) the ability to process records for all types of materials current-
ly held by the HDL library (books, periodicals, reports, proceedir.gs.
etc.) rather than merely fol technical reports. The operating
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characteristics of this planned system are approximately as follows:
1. As in the present system, IBM cards will be keypunched

from a specially formatted work-sheet. However, in order to allow
for additional needs of the planned system, such as the longer
shelf numbers used for books, the key punching format is somewhat
different. The plamned work-sheet is shown in Figure E. On this
work-sheet there are two card columns (I and 2) which indicate the
nature of the transaction being processed (cataloging entry, purchase
order, charge/discharge, updating of previously cataloged material,
etc.) and the type of document to which the transaction applies
(periodical, book, technical report, bound periodical volume, etc.).
Another added feature is the incorporation of a Change (CHG) column,
which permits the correction or deletion of previously punched cards
by the method of simply replacing or deleting them with another card,
rather than locating them in the deck. Similarly, the card being
punched may also be rendered invalid by putting the proper punch
in the CHU column. There is also 1,rovisior for using the CODE
columns on all cards, so as to be able to tie together items which
match logically.

?.. Ite punched cards are put. onto tape by a special Card-to-
Tape program, rather than the TEM-provided utility program. This
special Card-to-Tape proi;ram is needed to provide fur chaniging the
Trtuiua.tion and Document codes from letters wtii•'h are somewliat
mnemonic (n Book to a "B", ta periodical is a "P", h Chargeoitt is a
"C", etc.) tc; lettQriS which provide Lhe prop,'r sequf.nce of internal
mchine operntlons when sorted upon. 'Thas, th•i klmn key-panching
prublem is madu simpleer, while the order of operations in the
machine system is allowed to be optimum.

5. After the eards Pre put onto tape in 80-column format, they
are sorted as follows:

a. Transaction Code,
b. Document Code,
c. Category (Subject category),
d. Shelf Number,
e. Card Number, and
f. Change Number.

This places all input cards on the tape in the proper sequence, so
that those cards affecting earlier operations, such as pre-cataloging
and cutaloging, muy be processed and entered into the mAster tape
files before those cards affecting necessarily later operations,
ouch as charge/discharge, are to be processed. In addition, this
program will provide some reformatting needed for internal operations.

4. All of the programs needed to process the input cards will
be stored on a single magnetic tape, and the system will proceed
from one operation to the next, in order, automatic.lly. The only
operator interventlon needed will be that of mounting the proper
tapes and paper formns on the peripheral equipmexit when called for
by the progrums. It should be pointed out, however, that at least
two versions of the system will be available, one for daily runs and
another for weekly runs. There will also be L third option for special
runs to be run only once every thrpe months.
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5. Cards which are not processed during a given run will be
stored separately on another tape so as to be available for subse-
"quent runs in which they may be processed.

6. The acquisitions sub-system of the final design allow
for both the purchasing and the requesting of free copieb _ all
library materials desired. This system will be so designed as to
provide a pre-cataloging tape record at the time of the request or
order, all or part of which can be used as the final cataloging
record, thereby eliminating a portion of the typing and key-punching
need later. In addition, the system will have the capability of
providing budgetary assistance to the Librarian who selects items
for purchase. When items are selected, they will be assigned a
single digit priority (I. -- 9), or a special code for immediate
purchase. Then, when the purchasing run is made, the available
funding will be inserted from the previous run, updated if necessary,
and the program will automatically select all items beginning with
the highest priority (1) until the funds available for the period
have been expended. These will then be sorted by sources, and
purchase request forms will be printed. Those items which are not
purchased will be kept on a tape for possible purchase during some
future run, either as the result of normal operations or as the re-
sult of increased funding. Itms for which orders are subsequently
cancelled will result in the a ailable funding figure being ap-
propriately increased.

7. The Cataloging process will provide much the same outputs
as that of the original system. However, the 3 x 5 inch catalog
cards will be printed out in a two-level filing order, rather than
the single level order now provided. In addition, some refinements
will be made so as to allow the coupling of additional corporate
authors to additional project or report numbers, and any other such
couplings as may be needed. The new tape formats will also allow
for easier file maintenance operations (on tape).

8. The ABC Dictionary Update system, while much like that pre-
sently used will have at least one advantage over the present sys em.
That is, whereas the present system requires the complete running of
the KWIC program for each update (about 20 minutes on the 7 094), the
final version will require the running of only those items for which
changes, additions, or deletions have been made.

9. The automatic Disseinination system will make it possible to
disseminate materials on the b~sis of four criteria - project or con-
tract number, ABC concept, broad subject category, or specibl docnment
tracings. Thus, it will be possible for scientistr wh.o have a con-
tinuing interest in a particulfir project or concept to be notified of
the availability of newly received information pertinent to that in-
terest. In addition, special projects having a need for all a.ailable
information in a particular broad field may be notified of its
presence in the system.

10. The Charge/Disclarte system will perform all of the functions
normally associated with the autonmatic maintenance of chargeout infor-
mation. ifowever', in the l•ML environment, it is necessiry that the
processin(ý of tirese records ,llow for the rapid location of any
item that is charLred-out. TIe system, will provide for this r.eed,
and will, in addition, on request, print out a shelf-list of all il.e:.s
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that should be on the shelf at any given time, to allow for ease
of making a shelf reading (inventory). The system will also, of
course, provide automatically for the printing out of pre-addressed
over-due notic es (address information will be taken at the time of
recall from a master personnel-office tape record). The system
will also provide lists of items held by individual borrowers,
either on request, or automatically in the event that the personnel
tape record indicates the impending leaving of an individual. The
system will permit the automatic performance of all transactions by
means of a Frieden Collectadata 30 System or a similar equipment
accepting the identification number of the borrower punched on his
charge plate together with the pre-prepared catalog information
(a punched card produced from a tape).

Over-all, the final system will provide for easier operation,
both by library personnel and by computer operators. The simpli-
fication for library personnel results largely from the provision
that all cards for all types of transactions can be entered into
the system without regard for batching or sorting. In addition,
the final system formats were created with a view to possibly
utilizing paper-tape typewriters or even magnetic-tape typewriters,
if such should ever be deemed feasible. Further, the filing of
catalog cards by two levels will be as nearly automatic as possible.
The ease of operation for tit! computer operators is obvious, since
they will no longer be called upon to select a sequence of several
programs and run them in turn, but will merely be called upon to
zuwit tapes and so forth as called for by the system at the time of
operation.

The final system will thus provide for a far better man-
machine relationship than the original system, and should assist the
library significantly in its operatlons.
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